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® Touch pane! witti aotomatic compensation for variations in touch signals." 

© A touch panel has panel scanning signals selectively applied to the four sides of a touch sensing surface of 
tne panel so as to.estab«sh alternating o^ent voltage gradients in desired directions across the touch s^ino 
•sunaca. When the panel .s touched, touch signals result and are ut'iized by a touch location ci^h In 
detem.>n,n^g Lhe location of touch. The h.pedence touch current resulting, from a user's touch may Sfc^ 
determmed and used, ihe touch panel circuit automatically compensates .for any variations in touch sior^ 
v.h,cn occur when the touch panel is untouched and automatically nulls the touch signals under S 
circumstances to enhancD the accuracy of touch location detem^ination. 
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TOUCH PAtJEL WITH AUTOMATIC NULLING 



Technicai Field 

This invention relates to a touch panel device having a touch sensing surface and circuitry ■ for 
3 dstermining- the location, which may in essence be any location, at which the touch sensing surface of the 
device is touched. In addition, the invention relates to automatically nulling signals which are generated 
when the touch sensing surface is not being touched. 

The invention may be used with a wide variety of display devices of the type which display information 
• from which a user makes a selection.- One example is a lap held tablet in vmich a user selects and touches 
70 the device to, for example, inolcate a response to a question. A further example is user selection of 
information items Displayed on the screen of a olsplay terminal, such as a cathode-ray tube (CRT) terminal, 
which is connected to a computerized information processing system. 

Calhode-ray tube display terminals are known which employ a touch panel with a set pattern of touch 
sections over a terminal display screen. The terminal responds to touch at any section in the prescnToed 
75 pattern and identifies the location of the touched sectiort. Such a system typically employs a capacitive 
sensing technique. Tnat is, a controllsr continually transmits a scanning signal across the touch pane! and 
samples the sections until a touch is detected. When one of the sections is touched by a ■ user, the 
capacitance of the user's body is added to the circuiL The comroller senses the resulting change in 
capacitance and identifies the touched section frorrv this change. 
20 One example of such a touch responsive terminaJ is manufactured by RGB Dynamics of Salt Lake City. 
Utah. In the i=lGB device, a touch sensitive surface comprises indiunr tin oxide which is applied to a glass 
base- plate. Tne coating ts patterned in alscrete sections with conductors coupfing each section to an 
electrical detection ctrcuiL Such patterning limits the touch resolution to the size of the patterned sections. 
Also, touch detection is fimited by ths particular pattern of sections employed. In addition, a complex wiring 
25 arrangement is required to make electrical contact with each of the patterned sections. Such complex 
connection schemes are more prone to failure* and more. costly than simpler amangements. 

Another known practice employs .a pattern of transparent mechanical switc^.es over a alspiay. 
Sierracin/lntrex Products of Sylmar, California markets Transfiex (TM), brand swftches^of this type. 'More 
specifically, this pariiculai- type of dsvit^ employs memliTane sheets which are p'ressed together at the 
30 touch of a- user to make eieorical contact When the films a.'*e pressed together at a iocation. current fiows 
in a specific circuit and identifies the bcation. Anotier membrane type touch pane! of this type is disclosed 
in U.S. Patent No. -4,484,033 of Dorman, et al. ' , 

Also, as descrii5ed' in a pro'duct bulietih, D"ofn;ah-3ddbndff Corp. of Ahdbver, Massachusetts has a prior 
art Series 1000 touch screen device which utiuzes an unpatterned membrane switch type touch panel. The 
25 Series 1000 touch panel devices have a controller v^hich senses a switch closure on a transparent touch 
screen by switching cunent between X and Y axes of the touch screen*. Current which has been passed 
through the various switches of the touch screen is converted to voltage and then from analog X/Y signals 
to digital X/Y position coordinates. In such a membrane sv/itch type device, the membranes are subject to 
scratching. Aiso» the multiple layers* used in these devices tend to have, a nigh reflectance^ a relatively low 
40 light transmission and a relatively low resolution. 

It is known to detect and to locate the touch on a touch panel by provio*ing an array of optical sources 
and detectors about the periphery- of the touch panel Alternatively, an array of ultrasonic generators and 
ultrasonic detectors are provided about the periphery of the paneL In each instance, ths sources and 
detectors are connected with an electronic system that responds to and locates the disturbance whic±i touch 
45 causes in' the signals defivered frorri the sources to the detectors. 

Another capacitive touch detection device is disclosed in U.S. Patent No. 4,476,433 of Ng, et al. This 
particular device ufifizes an electrically conductive touch sensitive coated sunace with four elongated 
electrically conductive bar electrodes connected to ^e coating. One of these electrodes is provided along 
each side of the touch sensitive coating. As described in this patent, measurements are made of the 
50 change in electrical impedance which a capacitive touch introduces to a resistance-capacitance (R-C) circuit 
which includes the touch sensing surface. The impedance measurement examines the electrical time 
constant of the n-C circuit with the measurement being performed repeatedly from each end of each of hvo 
intersecting linear axes. The resultant measures are combined to detennine the position of the touch. In one 
embodiment sat forth in the Ng, et al. patent an alternating cuaent measuring signal is applied to an 
electrode and ti^e voltage waveform generated in response to the appfied signal is monitored at this 
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electrode. Tne frequency of this measuring signal is varied until the monitored voltage waveform attains a 
selected condition. From the measuring signal frequency which yields the selected condition, a determina- 
tion IS made of the location of toiich from the energized electrode. In another described embodiment, a 
direct current measuring signal having two successive selectiyely-timed values is appfied to an electrode. 
The .touch location relative to the energized electrode is determined from the voltage at the electrode 
resuitirig from the appfied direct cunrent signals. That is. the first measuring signal charges any capadtance 
cougled to the touch sensing coating, including the, capacitance due to touch, to a known level. The second 
sign^ then paruany olscharges tfia capadtance through the resistance of the touch sensing coating The 
votege remaining, on. the electrode follovring this partial oischarge identifies the location of touch from that 
eledrode. IhQ drcufts descn*bed in the Ng. et al. patent have certain undesirable complexities, such as the 
need to apply signals of varying trequendes or direct cun-ent signals of two successivelyrtimed values. 

Still another touch panel device with a touch sensing surface is disclosed in U.S. Patent 4,253,532 of 
Pepper. Jr. In the Pepper device, a user touches the touch sensing surface with a finger, or other body 
portion, or an electrically conductive stylus. Plural terminations (i.e. the four comers A,* 3, C and D) of the 
toijch sensing surface are simultaneously driven to the same instantaneous potential by an oscillator. When 
. ^i?e sensing surface is touched, currents flow through the driven terminations. Tne X and Y coordinates of 
touch are determined. from these currents independently of the impedance of the user's- touch. Tnis 
. approach suffers from inaccurades in touch locaSon defermination and eliminates impedance information 
which can be useful in certain applications. In one embodiment. Pepper also utiFrzes pressure s-r^-rs 
wnich, for example, sense pressure at, a touched' location in excess of- a threshold. Upon such' a 
detemnination, discrete action can be controlled, such as the firing of a gun during playing of a video game. 

Many of these devices are extremely sensifive to noise, which can severely degrade the accuracy of 
touch location determination, in addition, power requirements, drcuit complexities and costs are higher than 
desirable in a number of these prior touch panel devices. 

Therefore, a need exists for' an unpattemed touch pane! which over overcomes these and other 
disadvantages of the prior art 

3ummar%> of the Invention 

A touch panel device accorclng to the present invention detects touch, such as a touch by a human 
linger, which occurs anywhere, on a touch seftsitive surface of a touch panel. Cirojitry is* provided for ' 
detenr.ining the position of the touch on the touch sensing surface. Tne poshion or l-c^cstion of th* h =s 
typicaiiy determined relative to an X-Y coordinate system wrth the location of the touch being ac-^^^-^elv 
pinpointed. ... ' = - 7 

. Tns touch locations are-detsnTiined from touch signals or currents generated by selectively appiying 
alternating current voltage pane! scanning signals to the touch sensing surface. 

In one scanning method, these panel scanning signals are applied so as to estabiish an attemating 
current voltage graolent in a first direction from a first side of the touch sensing surface to a second side of 
the touch sensing surface. When scanned in this manner and the touch sensing surface is touched by a 
user, a first touch cun-ent flows through the user and is detected. In addition, when a common aJtemating 
cun-ent voltage panel scanning signal is then sihnuttaneously appfied to both rhe ftrst and second sides of 
the toucnmg sensing surface, an impedance touch cun-ent flows through the user and is detected Tne 
touch location along the first direction is. determined from the detected first and impedance toudi currents 
Also, an ahematfng current voltage scanning panel signal may be applied to the touch sensing surface so 
as to establish an attemating current voltage gradient in a second airection across the touch sensing 
surface from third to fourth sides of the surface. When the panel is touched, a second touch current signal 
flows and is detected. Typically, the first and second directions are normal to one another arid correspond 
to an X-Y coordinate sysiem. The touch location is then determined relative to this coordinate system from 
the first, second and impedance touch currents. Other suitable scanning methods may also be used 

As a more specific feature of the present invention, a panel output signal processing drcuit means is 
provided for processing the touch cunrents. This processing drcuit means includes a processor drcuit 
means for determrning tne touch location from digitized representstions of the touch currents. A nulling 
circuit :s provioed and under the control of the processor drcuit for automatically nuIHng the touch currents 
=t times when the touch .sensing surface is untouched. 3y nulling, it is meant that Ihe first second and 
impedance touch currents are driven to zero in the absence of a touch. 
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in one form, the nulting circuit couples an effective capacitive load to one of the first and second panel 
scanning outputs, the magnitude of the capacitive load being varied in response to nulling control signals 
from the processor circuit Spedfic exarhples inciude a latch, shift register or counter which control a null 
switch means in response to the nulling control signals so as to select and vary capacitors which are 

5 coupled to the first or second panel scanning outputs. This in effact adds a nulling current to the detected 
touch currents. .... 

Another implementation includes a multiplying digital to analog converter circuit under the control of the 
processor circuit which is coupled to ihe source of panel scanning signals. A capacitor is coupled to one of 
the first and second panel scanning outputs' and to the inverting input or to the output of. an operational 

70 amplifier having a feedback resistor. The output of the multiplying digital to analog conyerter circuit is 
coupled to the nonihverting input of Ihe operational amplifier so as to control and vary the effect of the 
capacitor. . 

In a still further implementation, a multiplying o*igital to - analog converter, under the confrof of the 
processor circuit receives signals which are ninety degrees out of phase from the panel scanning signals. 

•5 The multiplying olgital to analog converter couples such received signals via 'an operational ampfifier 
resistor circuit to one of the first and second panel scanning outputs- Because the mul'Splyihg olgital to 
analog converter is receiving a quadrature signal relative to the panel scanning signals, a variable and 
controllable effective capacitive load is applied to the one of the first and second panel scanning outputs. 
In ariother fomn, the nulling circuit adds a nuifing touch current to th9 sigrials generated from the touch 

20 sensing surface during 'panel scanning.- A* specific embodiment utilizes a rn'ultiplying digital to analog 
converter, under the control of the processor circuit coupled to uie noninverting input of , ah operational 
amplifier. Tne operational ampfifier has its inverting input coupled through a capacitor to one of the first and 
second panel scanning outputs, has a feedback resistor, and has its' output coupled to the signal processing 
portions of the touch location circuit The niultiptying olgital to analog converts? varies and controls the 

23 nulling touch current added to signals from the "touch sensing surface. 

As still another aspect of nulling in accordance with the present invention, the processor circuit also 
generates offset nulftng signals for further nulling of the touch signals when the touch sensing surface is 
untouched. 

As another optional feature of the invention, an impedance current ofrsat capacitor is selectiveiy 
30 coupled to the paneV scanning output -other than the one coupied to the nulling circuit 'during impedance ^ 
touch current determinatiori. , - ^ _ 

Touch locations' can' also be detsrmihed'when touch is by arTeieclrtcaUy* conductive stylus as well as a 
user's finger. "Also, accurate touch iocaiiori detsrminciioh of touch by a gioved frnger results when the glove 
is of an electrically conductive matarial, or, if not conductive, is sufficiently thin to allow measurable 
25 capacitive touch currents at the frequency of the panel scanning signals. Touching may also be by any 
other mechanism which pe'rmits'such touch "currents/ When me"ntio"nea"nefem; toucfies by a gloved finger' or 
by a stylus are to be understood as fimlted to touches by a glove or st^'lus of the type which allov/s such 
touch currents. 

It ts accordingly one object of the inveritibn to provide an improved- touch-responsive display device. 
40 Still another object of the present invention is to provide improved circuitry and methods for locating the 
position at which a touch sensing surface of a touch panel is touched. 

It is another object of the present invention to provide a touch panel device for locating touch on a 
touch sensing surface thereof with a relatively high* degree of reliability and accuracy. 

A further object of the present invention is to provide a touch panel device, for locating touch on a touch 
<5 sensing surface thereof whether touch is by a user's finger or other body part, by a user who is wearing a 
glove, or by a stylus. 

Another object of the present invention is to improve noise rejection, via improved touch signal nulling, 
so as to increase the variety of applications in which the touch panel device may be used. 

Tnese and other objects, features and advantages of the present invention will become apparent v/ith 
50 reference to the follov/ing description and drawings. 
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Brief Description of the Drawings 

Bg. 1 is a block diagram of one embodimeint of a touch panel device according to the present 
invention; 

5 ' ng. 2 is a front elsvational view of a touch panel in accordance with the present invention and also 
showing one form of svi'itchirig circuitry for applying panel scanning signals a touah sensing surface of the 
panel; 

• Fig. 3 is am electrical circuit schematic diagram of a portion of the touch locating circuit utinzed in the 
embodiment of Fig. 1; 

70 • ng. 4- is a block circuit alagram of an attemaie form of automatic nulling circuit utifized in the touch' 
panel device of rig. 1 ; 

Fig. 5 is a block circuH diagrsm of a further form of automatic nulling circuit; 
rig, 6 is a block circuit diagrsm of a still' further form of automatic nulling circuit; 
Fig. 7 is a block circuit diagram of another form of autorriatic nulling circuit 
T5 Fig. 8 is a block circuit alagram of still another form of automatic nulling circuit 

ng. 9 is a flow chart of an overall touch location detsimining sequence utilised by the microcontroller 
of Fig. 1; • 

V- Ftg. 10 is a flow chart of an initial panel scanning ^signal frequency dsterminst'on sequence utilized 

by the microcontroller of Fig. 1 ; 
ZD Ftg. 11 is a flow chart of an initial nulling sequence utilised by the microcontroller of Fig. 1 during the 

initial panel scanning frequency determinatiori of rig. 9; 

Fig. 12 is a flow chart of the touch signal or current measuring sequence utifeed by the microcontrol- 
ler of Ftg. 1 ; 

Figs. 13 and 14 are flow charts of the touch pcsttion determining sequence utilized by the 
25 microcontroller of Fig. 1 in determining touch location from the measured touch signals; 

Fig. 15 is a flow chart of a sequence utilized by the microcontroller of Fig. 1 for adjusting the nulling 
of touch signals when the touch sensing surface is untouched; and 

Fig. 16 is a flow chart of a sequence utilized by the microcontroller of ng. 1 for changing the 
frequency of the panel scanning signals during operation 6* the touch pane! device. 
90 ■*■",■ 

Detailed Description of Preferred EmbDQ"iments 

Overall Descripnon 

23 

As shown in Fig. 1 , a touch panai device in accordance wth the invention has a dispfey unit T2 with a 
display screen K. The illustrated Display unit comprises a cathode-ray tube computer terminal and, 
accordingly, the display screen 14 comprises the face of "the cathods-ray tube. An optically-transparent 
touch panel IS is pcsrtianed to overlay the screen 14 so that the screen is visible through the touch panel 
•io By optically transparent, it is meant that it is possible to perceive images on screen 1 4 through the touch 
panel 16. In other applications; the display unit 12 is eliminated. For example, an infonnation containing 
* sheet of paper, such as a question and answer sheet, may be positioned underneath the touch panel 18 

w'rth the touch panel being utilized to enter data relating to the question and answer sheet. In certain 
applications, the touch panel 16 need not be transparent. For example, the touch panel may simply be used 
45 as a data entry pad with the location touched causing the entry of data into a computer or other device. 

The touch panel 15 has a base plate, which may be of glass or other optScally transmissive material, 
with an electrically-conductive coating IB over its outer surface. Tne coating 18 may cover the entire 
display screen 14 when the touch panel is in place, or only that portion of the screen 14 which is used to 
display user-selecb'ble items. 
50 As shown in general in Fig. 2, and described in greater detail below, the coating 18 comprises a touch 
sensitive or sensing surface with plural electrical contacts or electrodes, in this case twenty sucti contacts A 
through T. A first set 22 of these contacts, that is contacts P through T. is positioned in a row at one side of 
the touch sensing surface .13. A second set 24 of contacts^ contacts F through J, is positioned in a row at 
the opposite side of the touch sensing surface from the first set. Tnat is, the first and second sets 22, 24 
55 are in rows spaced apart from one another in a first direction across the surface 1 8. A third set 28 of such 
contacts, contacts K through 0, is positioned along the lower or third side of the surface 13. In addition, a 
fourth set of such contacts, contacts A through E. is positioned along the fourth or upper side of the surface. 
Thus, the third and fourth sets of contacts are space-d apart from one another in a second direction across 
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the touch panel surface. The cxintacts may comprise air dried silver contact paint spots. appro)dmately 0.2 
inches square. Respective leads are coupled to the contacts to facilitate convenient electrical connection to 
the contacts. To provide strain relief^ the portion of each of these leads aojacent to its associated contact 
may be secured, as by epoxy, to the edge of the touch panel base plate. 

3' With this construction, the first arid second sets 22. 24 of contacts are* at tfie opposite horizontally 
separated peripheral side edges of the touch pane!. The other sets 2§,-28 of contacts are verticaily spaced 
apart at opposite peripheral side e'dges of the touch panel. Although the contacts of each set do not 
necessarily have to be in a line, when cofinear and when the first and second directions are normal to one 
another; the contacts define a reference coordinate system. Touch locations are determined relative to this 

TO coorolnate system by. the circuitry explained below. Moreover, when the touch panel is mounted and 
calibrated, the contacts are at known locations relative to the terminal screen U.-Tnerefore, by determining 
a touched location on the touch sensing surface 18. a cbrrespono'ing determination is made of the location 
on the display terminal screen 14. It should be noted that the invention is not limited to this particular 
contacting scheme. Moreover, a greater or fewer number of contacts ma>' be used along each side of the 

'5 touch sensing surface. . 

Tne touch locating system illustrated in Fig. 2 IrtiiiEes the two pairs of opposed sets 22, 24 and 2B, 28 
in detemnining the touch location relative .to the two olreciions across the touch sensing surface. Only one 
pair of opposed sets is used if single alrection touch location oetenTiination is to be made. That is. sets 22 
and 24 are used to determine touch location in the first or X oVection. Also, sets 23 and 23 are used to 

20 determine touch location in the second or Y alrection. 

With further reference to rigs. 1 arid 2, a function generator or signal source 30 generates an 
alternating current voltage touch panel scanning signal at an output 3&. A panel driving ampiiiier 38 receives 
the panel scanning signal, amplifies this signal, and applies the resultant signal on an output 40- to the 
primary winding 42 of a touch panel driving transformer 44. Tnis drives the secondary winding 45 of the 

25 transformer and-estabffshes an alternating current voltage across the secondary winding between its signal 
plus (S1G + ) output 48 and its signal minus (SIG-) output 50. A multiplexer or switching circuit 52 applies 
the panel scanning signals from outputs 48 and 50 of the secondary winding to selected sets or rov^-s of the 
touch panel contacts as explained below. In response to these scanning signals, panel output touch sianais 
or touch current signals are generated at the center tap 54 of the transiormer 44 when the touch sensing 

30 surface is touched. .These touch current signals are proce^ed by a panel output signal processing circuit 
. means 53 to provide an indication of the location of touch and other information. 

In the illustrated panel output signal processing circuit 53, the touch current signals from center tap 54 
are transmitted along a Hne 30 to a touch current detector 62, such' as a current sensing operational 
amplifier. Tne output of amplifier 62 corresponds to the touch cun-ents at the center ^p 54. The ampiirler 52 

25 output is fed on an output fine 54 through a filter 53 (Fig. 3) and then to- one input 68 of an analog multipfier 
69. The. signal generator 30. has an. aftemating-current voltage rsference output- -which is coupled by a line 
70 to a multiplisr reference circuit 72. Multiplier reference voltage signals from the reference circuit are 
applied on a line 74 to a reference input 76 of the analog multiplier. The reference output signals 
synchronize the rriultiplication by multiplier 69 with the alternating current voltage signals applied to the 

40 touch sensing surface 18.. 

Tne resulting muitipHed touch cun^nt signals are transmitted along a une 73 to an amplrfier and filler 
circuit SO. The output of circuit 80 is ted on a fine 82 through an integrator timing switch 84 arid to an 
integrator circuit Bo, • which integrates these signals. The integ rator timing switch 84 is closed during 
integration time periods in response to integration timing ( TFT? ) signals generated as explained below 

<5 and applied to an integrator timing input 68. Whan switch 64 doses,, signals delivered to integrator circuit 
33 are integrated therein. The integrator circuit includes an integrating capacitor 90 in parallel with an 
arhplifier 92. In addition, an integrafing capacitor disch arge switch 94 is included for seteclrvely a*ischarging 
integrating capacitor 90 in response to discharge ( 0\S ) signals on a line 93. These discharge or 
integrator zero signals are generated as explained below. The integrated touch current signals are fed on a 

50 tine 98 to an analog to digital converter circuit 100 which digitizes these signals. These digifized signals ara 
transferred along data busses 102, 104 to data inputs 103 of a microcontroller 108. The microcontroller, 
among other functions, computes ths touch location and other desired information from the touch current 
signals. . . • 

The microcontroller 103 interacts via bus 104, a bus 110, a parallel oirtput latch 112, and a bus 113 with 

S5 a computer 114. Computer 114 is connected by a line 116 to the display terminal 12. For an example of 
such interaction, computer 114 may cause selected information to be displayed on the screen 14. Also, 
computer 114 may change the displayed information, as determined by sonvs-arfe. depenclng upon the 
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touched location. TTiis is accomplished in a conventional manner to fit the desired aDpIication Tne 
microcontroller 108 is also coupled by a bus 118 to a conventional RS232 teiecommunicstions interface 
arcuit 120. mis permits the touch panel to communicste over a telecommunications network witii remote 
data processing stations. Typically, a serial output 122 is provided from the intenace circuit 120. 

Control signals from the microcontroller 103 are transmitted at respective MO and Ml outDuts alona 
lines 124, 123 to the multiplexer 5^ These control signals cause the multiplexer to route the panel scannino 
signals to desired sets of contacts Tnerefore, touch current signals are generated from v/hich tou'ch 
locations may be detennined. Exemplary scanning sequences are o"iscussed below. 

me Rg. 1 panel output signaf processing circuit 56 also .includes a decoder demultiplexer circuit 130 
Decoder 130 decodes input signals on Tines 132. 134, and 136 from the microcontroller and in response 
thereto, generates signals which control various functions of the touch panel" circuitry. For example decoder 
130 generates the integration timing signals ( i mT ) fed to fine 83. Upon receiving these sionsls s-wit-h 
84 closes so that integration commences when touch location detenninstions are desireci IntegraSon 
continues for the duration of th9_ iMT signal The decoder circuit also generates the integration 
capacitor oisch.arge signals ( oiS ) on iine 95. These signals cause switch 94 to cb« so that 
integration capacitor 90 is discharged prior to each successive integration; Tne microcontroller h=s a 
synchronization input which receives synchronization signals on a Hne 140 derived fror:i the ref-rence 
o'Jtput of signal source 30. Consequently, integration is synchronized with the aponcation of panel scanning 
signals to the touch sensing surface 18; Tne decoder circuit also has an output coupled by a line 142 to the 
analog lo digital converter 100 tor controlling ihs delivery of oigitized integrated touch sionats from 
converter 100 to Ihe microcontroller 10a. 

More accurate determination of touch cun^nts and touch locations result when the analog to dicrial 
converter is provong an output of a magnitude which is within a desired range. If too small ' minor 
variations m touch currents can be overlooked and spurious signals have a orsater impact If too lai^oe the 
analog -to digital converter may overflow and provide an inaccurate touch current indication. To minimize 
such pcssibitrties. microcontrolier 103 monitors the magnitude of. the analog to digital convert-r outDuL 
Wnen outside a desired range, microprocessor 108 adjusts the duration of an integration timing control 
signal sent to oecoder 130. In response, the decoder aojusts the duration of the TnT signal and thus 
tiie integration time period, to bring the aralog to olgital converter output to the desired level m^s fe-T^-*es 
Sie use of the touch panel devca ancer widely varying conditibns with .accomoanving widelv* varying iou-^ 
currsrr^. For exam.ple, in situations in which a stylus is used to touch the touch sensing 'surface 18 ^ 
mdiv,dual_ touches frie touch sensing .surface with a ba^e finger or other body oart- or even if the incivldUaT 
touches tne touch sensing surface with a g!o\'Bd finger. 

A nuinng circjit 150 is utiHaed to adjust touch current signals at the center tap 54 to a null or zero v«lu- 
at tmes when the touch sensing sunace 18 is not being touched- After nulling, the existence of cun'-nte at 
center tap 54. at least cun;ents above a noise, thresfiold. ievel. indicate the- presence cf a touch. In general 
nulling circuit 150 automatically provides a suitable offset cu^ent at center tao 54 to counteract or nuIIifJ 
any current signal at the center tap under no touch conditions. 

f ne Rg. i form of automatic nufiing circuit accomplishes this by selectr^ely coupling an ^ffa-tive 
capaciDve load to one of the panel scanning outputs, in this case, via a iine 152 to the SIG- output 48 Tne 
nulling circuit 150 responds to nuliing signals from microcontroller 108 which are defivered on bus 104 and 
a bus 154 to an input of the automatic nulling circuit The magnitude of the effective caoacfiive load coupled 
to the SIG+ output 43 by the nuinng circuit is varied in resoonse to the nulRng signals to thereby e'frect 
nulhng. lyp.caily. an offset nulling capacitor 158 is coupled to the SlG-panel scanning output 50 to provide 
initial offset to the center tap touch current signals in a direction opposite to the offset prc/ided by the 
automatic nulling circuit. Consequently, as capacitance is added by the automatic nuliing circuit to the 
SIG+ panel scanning output the initial offset provided by capacitor 158. and from other ambient signals are 
balanced. Ano&ier offset capacitor 163 Is selectively coupled by a switch 170 to the SIG-panel scannino 
output 50. Switch 170 is closed in response to a signal on a line 172 from multiplexer 52 during impedance 
touch current determinations. V^hen both of the capacitors 158 and 163 are couoled to the circuit the initial 
offset IS higner because higher current leakage typically occurs during impedance touch current detenr^ina- 
tions. 

The touch panel circuit 55 of ng. i also Includes an automatic frequency control means for shifting the 
Trequency of the panel scanning signals to levels which are unaffected by fixed frequency interference 
spectra, such as cathode-ray tube horizontal flyback signals, in the environment in which the touch panel 
device IS used. In this descnption. §19 phrase "fixed frequency interference spectra" refers to periodic 
signals and tneir harmonics of the type typically generated by equipment used with the touch panel device 
mts terni encompasses signals which are fixed for a time and then changed to another fixed value --ch as 
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the variable and multiple horizontal flyback signals in some cathode-ray tube displays. It also includes 
ambient noise signals which vary at a rate which is slbv/er than the rate at which the touch panel device is 
capable of adjusting the panel excitation frequency. Operation of a touch panel device at or near such fixed 
frequency interference spectra severely degrades touch location determination and. in some cases, makes 

5 . such determination totally unreliable. 

In the i=ng. 1 forrh of the invention, the signal generator 30 comprises a variable frequency signal 
generator. This signal generator has a frequency control input 176. Signal generator 30 comprises means 
for producing alternating cun-ent voltage outputs on fines 36. 70 of a frequency which is variable and 
controllable in response to frequency control signals at the frequency control input 175. Under the control of 

10 microcontroller 108, an automatic frequency control circuit 178 generates the frequency control signals and. 
.delivers such signals oh a fine 180 to the frequency control input 173. More specifically, at times 
microcontroller 103 determines that frequency adjustment is needed^ digital frequency control signals are 
delivered on bus 104 and a bus 1B2 to the automatic frequency control circuit 178. A olgital .to analog 
converter 184 responds to signals irom fine 1S3 of decoder 130 to transfer the frequency control signals 

IS from bus 162 to the automatic frequency control circuit Typically, a frequency aolustmeht is made when 
nulling adjustments become too frequent, the object being to shift the operating frequency to a level which 
reduces the rale of nulling adjustments. The microcontroller also predetermines the direction, upwardly or 
downwardly, of the frequency changes. • 

The touch panel device of Fig. 1 also includes features for protecting the circuit 53, as well as the touch 

20 sensing surface 18, from excessive touch currents. Specifically, assume microcontroller 103 determines that 
the touch currents are in excess of a maximum safe threshold and that the integrator 85 is integrating for its 
minimum integration time period. In this case; the microcontroller causes decoder 130 to shut off an OSC. 
EN. output on a fine 190. This causes a switch 1S2 to close and grounds a signal generator olsable input 
■ 194- of source 30. When this happens, the signal generator output terminates so that panel scanning signals 

25 to the touch sensing surface IS are ' interrupted. For added protection, the MO and Ml outputs from 
microcontroller 108 are shifted to olgital logic levels which control multiplexer 52 to open the connections 
between the SIG-^- and SlG-panel scanning outputs and. the touch sensing surface. 

A manually operated control swifch 198 is coupled to the microcomrolier 103 by control fines 200. Ps 
explained more fully below, the settings of* switch 1 93 designate processing parameters, such as v/hethsr 

30 touch location signals are to be delivered at the parallel output 113 or the- serial output 122*. " 

Pane! Scanning Sequences and Touch Location Determination 

25 As explained in greater detail below, microcontroller 103 controls the multiplexer 52 so as to repetitively 
apply the transformer S1G + 'and the SlG-outputs 43^ 50 to sejected sides of.the. touch sensing surface 1S-in 
a predetermined sequence. From the resulting touch currents, the touch location and other information is 
determined. 

^.s a first specific example of a scanning sequence, and with reference to Fig. Z, assume that the touch 
40 currants have been aa]usfted to zero by nulfing circuit 1 50 when the touch sensing surface is untouched. 
Also, assume that an X-Y coordinate system has been established with its origin at the center of the touch 
sensing surface. If a point P is touched, the location of this point is ^iven by the coordinates X and Y as 
shov/n in ng. 2 {also sometimes indicated herein as Xp. Yp). 

In a first mode of this first scanning sequence, the SIG-output 50 is coupled to the set of contacts 22 
45 and the SIG + output 48 is coupled to the set of contacts 24. In addition, the other sets of contacts 2S and 
28 are open circuited (although they need not be). In this moae, an alternating current gradient is 
established in a first or X direction across the touch sensing surface. In this case, the first direction is 
horizontal and comprises an X axis. As explained below, after multiplication by muittpHer 59 and filtering, 
the resulting first or X touch current is expressed by the following equation: 

50 

(a) ix = Kx X 

In the above equation, ix is the resulting touch current, -.vhich may be designated as a first or X touch 
current Also, V is the voltage at secondary winolng output 48 relative to virtual ground at the center tap of 
the transformer. In addition, Z| is the impedance added to the circuit when a user touches the touch sensing 
circuit and is a constant In addition, the quantity V/Z, corresponds, to the impedance current that flows 
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upon touch by* a user. Rnally, X is the X location of touch. 

In a second mode of this first scanning sequence, the S1G+ output 48 is coupled to at least one, and 
t^'pically simuitaneously to both, of the first and second sides 22. 24 of the touch sensing surface. Tnis 
estKjIishes a uniform alternating current voltage in the first direction, in this mode, any touch cun'ent at the 
5 center tap 54 corresponds b Ih'e impedance touch cun-ent through a ussr. Tnis impedance touch current i,, 
after rriuliiplicstion and filtering, may be expressed as follows: 

* (b) iz = - ^2 

.10 2t 

In other approaches to the impedance current scanning mode, one of the panel scanning outputs (i.e.. the 
S!G + output) is coupled to one side only of the touch sensing surface, to two adjacent sides, or to all four 
sides. 

Tne above two equations may be combined to provide the following equation for the X iocsftion of 
touch: 



i K 

To determine the quantity K JK^, one touches the touch sensing surface ai known X locations. For example, 
at the four comers or at the far right and far left along the X-axis. 3y substitunng the known X locations in 
25 formula (c) above and averaging the results, a value of K^/K^ can be determined One© KJYi^ is determined, 
unknown X touch locations can be computed from the first and impedance touch current signais using the 
above equations. ' 

Assuming two dimensional toudi information is desired, the first scanning sequence includes a third 
mode. In the third mode, the SJG + output 48 is coupled to top side 23 of the touch sensing surface and the 
30 SlG-output 50 is coupled to the bottom side 28 of the touch sensing surface. Tnis establishes' an ahemsting 
cun-ent voltage gradient in the second or Y direction across the touch sensing surface. Tne resulting second 
or Y touch current, iy, after multiplication and filtering, is expressed by the following equation: 

(3) iy = Ky Y 1^ 

In the above equation. Y is the Y location of touch. In addition. Ky is a constant which may be determined in 
the same manner as K». In the Fig. 1 form of the invention, Ky, and K, are each approximately equal to 
one. Tnerefore, there is no need to determine these constants. Combining formulas (b) and (d) above 
results in the following expression of Y location:. 



45 



i K 

(e) y 



In this expression, KJKy is a constant which may be determined in the same manner as Kj/K^. 

Tnus, in the above manner the X and Y coordinates of touched location ? can be determined from 

50 touch currents generated by scanning the touch sensing surface in the three modes descrfoed above. 3y 
repealing the scanning cycle a predstennined number of times and combining or averaging tine results, an 
accurate determination of touch positiori can be obtained. However, although less accurate, touch location 
can be determined with sufficient precision in many applications without averaging. The switching of the 
scanning signals between the various modes is accomplished by multiplexer 52 under the control of MO 

55 and Ml signals from the microcontroller 108. The location of touch on the touch panel 15 identifies, to the 
computer 114, which informational item being, displayed on the terminal 12 has been selected by the user. 
The terminal 12 then responds in a known manner to this determination of user selection. 
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In addition to determining touch location, additional information may ba obtained from the generated 
touch cunrenls. for example, the X and Y coorolniates may be computed at successive times with the 
impedance touch cun-ent i^ also being -monitored. If X and Y do' not vary, but I = varies, this indicates that 
•the user is continuing to touch "a particular location on'Uie touch sensing surSacs.but has changed the 

5 manner of touching this location. For example, the user may be pressing his or her finger harder at the 
touched location. Tnis varies the area of the touch sensing surface which is touched. The resulting variation 
in impedance touch cument can be used by computer 114 for control of additional functions. For example, if 
the touch screen is pressed at the same locat'on, but only harder, the resulang change in impedance touch 
current ij is detected and can be used to call up a particular subroutine which operates on data identified by 

10 the touched locatiDn. 

Another scanning sequence whidh provides desirfed X and Y touch currents. aS well as impedance" 
touch currents, is as follows. Tnis second sequence involves scanning the touch sensing surface in four 
modes instead of the three modes previously described. With reference to Fig. 2, this scanning method is 
described with reference to a touch point P identified by Xi, Xj. Yi and Y2 locations. That is, the total 
J5 distance in the X direction across the touch sensing surface is known and is equal to the sum of Xt and Xz. 
Also, Xi is defined as the horizontal distance from the left side of the pane! in Fig. 2 to point .? while X2 is 
the horizontal c":stance fn^m tha. right side of the pans! to point P. tvloreover, the total distance in the Y 
direction across the panel is known and equal to the swm of Yi and Y2. Also, Yi is the distance from the 
lower side of the louch sensing surface to point P while Yz is the distance from the upper side of the touch 
20 sensing surface to point P. - 

in the first mode of this second scanning sequence, the multiplexer 52 is configured to couple the 
31G+ output 48 to the right side of the touch sensing surface while the center tap 54 is coupled to the left 
side of the touch sensing surface. Tnis estabHshes an alternating current voltage graolent across the touch 
sensing surface in the X direction from right to left ^.ssume that the nulling circuit has been adjusted to null 
23 the touch cunents to zero when the touch sensing surface is untouched. Also assume that multipncation 
and filtering i-.as been performed. Under these conditions, a first touch cun-ent i^, at the center tap is 



expressed as bibv.'s: 



(r) ixl = 



in addition, when in a second mode, the SlG + output 43 is -applied to the left side of the touch sensing 
surface and the center tap 54 is coupled to the right side of the touch senang .surface. Tnis ai5Q es^abrishss 
an alternating current voltage greoiehrin the X'directio'n, but frorn ieft to right In this cese. and with the 
above assumptions, a second touch current ij^ is expressed by the following formula: 




When formulas (f) and (g) are added, the impedance touch current \^ is given as follows: 



(n) Ky- = (1 -i- i ) ~ I 

50 . 

Finally, combining formulas (f) and (h) results in the following expression for X^, the X-axis position of touch 
point P: 
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In the above equations, is a constant and can bs determined. in the same manner as explained above by 
touching the touch sensing surface at known locations, in adoltion. as previously mentioned, the sum Xi. 
plus Xs is known. Tnarefors, from the above two measurements, X-axis posrtion information for touch point 
P can be calculated. Also, information is obtained concerning changes in the impedance touch current i^^ 

The Y-axis position information is determined in the followng manner. In the third mode of this second 
scanning sequence, the SIG+ output 48 is coupled to the top side of the touch sensing surface while the 
center tap 54 is coupled to the bottom side of the touch sensing surface. The resulting third touch current 
iyi is expressed as follcr/^s: 



(j) iyl = 



Y2 - Yl Zt 



JS 



20 



25 



30 



In the fourth mode, the SIG-^ output « is coupled to the bottom side of the touch sensing surface whiie the 
csntsr tap is coupled to the top side of the tou=n sensing surface. Tnis results in a fourth touch current iyz 
expressed by the following equation: 



-2 ^ 

(k) iy2 = Ky =-^— — 1— 

3y combining formulas Q) and (k), ths following expression for impedance touch current i rr is obtained: 



V 



l7V 



Furthermore, when formulas (J) and (!) are combined, an equation for Yi is obtained: 



(m) Y, = ■ ^h. -2> 



^ As explained above, the sum Yi plus.Y? is known. In adoltion, the constant can be determined in the 
same manner as the constant Tnus, the Xi and Yi positions can be obtained from the touch cun-ents. In 
addition, changes in the impedance touch current can be monitored as desired. 

As win be apparent to those skilled in the art, other scanning sequences and modes of establishing 
alternating cun-ent gradients across the touch sensing surface may be employed to generate the touch 
signals or currents from which the desired location information can be determined. 



Touch Panel Stnjcture 

Agairt referring to Fig. 2. the touch panel 15 has a touch sensitive surface 18 which extends across the 
area thereof which, in conjunction with a location determination circuit, is used to sense touch by a user. A.s 
previously mentioned, the touch panel 15 includes a base plate coated on a surface 18 with an electrically 
conductive filrn. One suitable example of such a film is indium tin oxide (10% indium, 90% tin oxide) having 
a sheet resistivity of 200 ohms per square and a transmission of 35% for fight at 520 nanometers. Such 
plates are commercially available, such as from Optica! Coating Laboratory (OCU) of Santa Rosa, Cafrfomia. 
me sheet resistivity of the film is not highly critical, with resistivities of 50 to 2.000 ohms per square, or 
higher, being suitable. Sheet resistivities significantly below 200 ohm.s per square may require special low 
resistance switches and can result in relatively high power consumption. 
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The b£S9 plate is not limited to any particulai' shape. Thus, it may be circular, concave, spherical, 
curved or flat to fit the screen 1 4. In addition, the base piste may be opaque or pptically transparent and of 
a variety of suitable materials. To reduce glare from reflected light from background sources, the base plate 
may be of a commerciany available anti-glare glass. This glass may also be flat or contoured to nnatch the 
5 curvature of the display screen. One source of such base plates is Eagle Convex Glass Co. of Chariesburg, 
V/est Virginia. 

As previously mentioned, the parficular contacting scheme employed may be varied as exemplified by 
the approaches mentioned above. Of course, the specific multiplexer or switching circuit 52 win vary 
depending upon the contacting an-angement whiah is chosen. In general, any contacting arrangement may 
Tff be empfoyed which facilitates the establishment of a relath'ely uniform aiternating current voltage gradient 
across the toudi sensing surface in the desired directions. 

Touch Panel rxcitation Circuit 

T5 

The details of the circuit utifized for generating and applying alternating current voltage sigrrals to the 
touch sensing surface 1 8 are shown in rig. 3. 

More spedficaJly, in the illustrated form, signal generator 30 typically comprises a conventional sine 
wave signaf source, such as an integrated circuit XB SDSSA source from Exar Company, connected in a 

20 conventional manner as shown in ng. 3. Source 30 provides a sine v/ave output at pin 2, which is the 
output 36. Although not critical, the drcuit is typically operated at a signal generator output frequency of 
from 15 kilohertz to 300 icllohertz, with 200 kilohertz being suitable. For reasons explained below, this 
frequency is automatically adjustable by the touch processing circuit Tne signal source 30 a!so provides a 
square wave reference signal at pin 9 (output 70). Tnis reference signal is used to generate synchronisation 

23 signais at CSC. SYNCH. line 140 and also by the multiplier reference circuit 72 to provide reference votege 
signals for analog multipfier 69. 

Tne illustrated driver amplifier circuit 38 includes an operational amplifier 21 0 with a dscrete push-pull 
follower drcuit 212. The output of driver amplifier 33 is coupled by fine 40 tnrougtr a one microfarad 
ceramic DC blocldng capacitor 213 to the primar>' winding 42 of transformer 44. Capacitor 213 prevents the 

30- t'ansTormer 44- from being driven into saturation by DC currents. Typically, the signal generator and driver 
amplifier combination drives transformer 44 so as to provide an approximately 12 volt peak to peak voltage 
across the secondary windings 48.- 50 of Uie transformer.- The same voltage appee.'^ across primary winding 
42 because the specific transformer bsing used has a one-to-cne primary to secondary voltage ratio. 

in the preferred form, transformer 44 has a toroidal core. Tnis transformer isolates cunent used to drive 

35 the touch sensing surface 1 8 from the current generated by the signal generator 30. Consequently, the only 
currents appearing at the center tap 54 are- touch currents. V-Zith such a transformer driving configuration,- 
circuit complexifies associated with subtracting panel scanning signal currents from touch currents are 
eliminated. 

Suitable resistors and capacitors utilized in the signal generator and driver amplifier circuits, and which 
40 have not been mentioned above, are set forth in Table 1 -at the. end of this detailed description. 

Multiplexer 52 (Fig. Z) comprises a switching circuit for applying Ihe panel scanning signals to the touch 
sensing surface. Tnese panel scanning signals are applied so as to estabfish the alternating current voltage 
gradients in the desired Directions across the touch sensing surface. With the illustrated touch contacting 
arrangement multiplexer 52 comprises six double-pole double-throw CMOS analog switches 268-270 
<5 together virith a state decoder circuit 272, interconnected as shown. As a specific example, switches 260- 
270 may comprise G.E. Intersil !H 5M5 switches. Also, state decoder 272 may comprise a conventional 
74LS02 NOR gate set The scanning signals at the SIG + output 48 and the SIG-output 50 are delivered to 
scannirig inputs of the multiplexer circuit 52- In general, the switches are toggled to various states by state 
decoder 272 in response to contnol signals MO and Ml delivered to the decoder on control lines 124, 125 
50 from the microcontroller 103 (ngs. 1 and 3).' The multiplexer input/output lines, designated generally as 274 
in Rg. 3. are connected to the respective contacts A through T of the touch sensing surface 18 as shown. 

When logic zero MO and one M1 signals are respectively applied to control lines 124, 123 by the 
microcontroller, the switching circuits assume a first or X touch currant dstermtnation state. When in this 
first state, the coritacis F-T of set 22 are electrically tied together and the contacts F-J of set 24 are 
55 electrically tied together. In addition, the contacts A-5 and K-0' are open. Also, when in the first state, the 
SIG+ output 43 is applied to the contacts of the set 24. in 'addiiion. the SIG-output 50 is applied to the 
contacts of the set 22. Under these conditions, an alternating current voltage gradient is established in the 
first or X olrection across the touch sensing suriace. 
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In addUton. when the MO control signal delivered on control line 124 is a logic one and the M1 control 
signal on control line 125 is a logic zero, the multiplexer is in a second or Y touch current determination 
state. In this second state, contacts A-H of set 26 are tied together and to the SIG+ output AS. In adoltion 
the contacts K^O are tied together and to the SIG-output 50. Furthennore. the contacts P-T and r-J are 
open. Under these conoliions. an alternating cun-ent gradient is estabRshed between the top and bottorn 
sets of contacts in a second or Y direcfion across the touch sensing surface. 

The multiplexer is in a third or impedance touch current determination state when both the MO and Ml 
control signals are at logic zero. When in this state, contact* set 22 and contact set 26 are electrically tied 
together arid to the SIG+ output AS. Also, the remaining sets" of contacts 24, 28 are open. The alternating 
current -voltage is then simultaneously applied to two aolacent sides of the touch sensing surface. As a 
result any touch current which flows at the center tap 54 cdn-esponds directly to the irnnedance current 
oenersteb when the touch sensing surface 18 is touched by a user. 3y adding an additional' CMOS analog 
switch of the ti'pe shown, all sides of the touch panel can be simultaneously driven by .the same signal. 
Also, impedance cun-ent can be deternnined in many cases with only one side of the touch sensing surface 
being driven. Of course, other contacts may .be energized with the goal being the estabfishment of a 
uniform alternating current voltage field throughout the touch sensing surface. 

Finaliy. the muttipiexer is in a foa-th or off state wfien both the MO and Ml sionals are logic ones. When 
the -switches 250-270 are in the off stale, the appfication of the panel scanning signals to the touch sensing 
surface is inienrupted. Shifting to the off state can be done when excessive output cun-ents are detected. 
1 nis protects the touch sensing surface and circuit from these currents. Also, for circuit protection purposes* 
the switches are typically switched off between shifting of the panel bsiWeen X..Y and Z states and^aiso 
when the circuit is reset 

Tne following state table illustrates the above states. In this table, the letters T. 3. R a^d L caTespond 
to the outputs of state decoder 272 and respectively to the top. bottom, right and left sides of touch s^'-nsina 
suriace 13. . 
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in operation, the microcontroller 103 repeatedly cycles the scanning of the touch sensing surface 18 
Tnis is accornpiished by shifting the multiplexer between states in the following sequence for each cycl°- 
Tnird - Off - nrst • Off - Second - Off - Tnird - Off. Overcurrent tssting is typically performed during the Z 
state and in this sequence is checked at the start and end of each scanning cycle. Also, since impedance 

<5 current is used in detenriining both X and Y pcsiRon, it is desirable to update 2 cun-ent determinations with 
greater frequency than X and Y current determinations. Other scanning sequences are of course suitable 
The resulting touch current signals are then combined pursuant to the equations (aHe) above to detennine 
touch locations. Typically, the multiplexer cycle for scanning through all three states is relatively rapid (30 to 
1,000 hertz). In general, the slower the multiplexer frequency, the longer rt takes the processing drcuitry to 

so detenmine a touch location. 

In a similar manner, a suitable multiplexer may be used to generate tfie four touch currents i^i, i^, i ^ 
and lyz as explained above in connection with equations (f)-(m). ' ' ^ 

Although a transformer driven touch sensing circuit simplifies the circuitry and provides other advan- 
tages, other circuits' for establishing the desired* alternating current voltage graoients across the touch 

ss sensing surface may be used. For example, the sinusoidal drive signal output at 40 may be fed through^a 
unity gain inverting amplifier to the SIG-output 50. Simultaneously, the output at 40 may be fed to the SIG- 
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output 4S. the diiferentiai currents £t the SIG + and SiG-outputs are then obtained by a differenlia! current 
detector and processed to determine touch locations. Moreover, wh§n the touch panel is untouched, and 
v/hen the nuliing circuit 150 has been properly adjusted to the null, as explained below, the differential 
current is zero. 

5 As an added protection feature,, the touch panel application circuitry of Fig. 2 includes optional means 
for establishing a discharge pati^ for discharging high vpltages from the touch sensing circuit These 
voltages .may, for example, result from static electricity from a user of the device. In th§ illustrated fomi, this 
means comprises four se^ of clamping diodes, one set being numbered 2S0 in Fig, 2. Each set is 
electrically coupled to a respective sids of the touch sensing surface. For example, set 250 is connected to 

10 the mid-contact C at the top of the panel Similarly, the other sets are connected to the mid-contact at the 
other sides of the panel. Set 2B(J includes a first diode 282 having its cathode connected to the touch 
• sensing surface and its anode connected to a negative 12-voIt DC supply used in the touch panel device. A 
second 'diode 2S4- has Its anode connected to the touch sensing surace and its cathode connected to a 
positive 12-volt DC supply. V/rienever the voltage at the top side of the pane! exceeds 12 volts, plus the 

73 biasing voltage of diode 284, diode 234 conducts and discnarges pit voltage. Similarly, v/henever the 
voftage drops below a negative 12 volts and the biasing voltage of olode 282, this diode conducts to also 
discharge the paneL Corisequently» ths" voltage at the touch sensing surface is efrectiveiy fimited to a range 
of plus or minus 12 volts. A first zener diode '2S5 has its anode connected to the nsoalive 12-volt supply 
and its cathode grounded. A second zener diode has its cathode connected to the positive 12-volt supply 

20 and its anode grounded. Tnese zener diodes have a break-down voltage which is higher than the magnitude 
of the supply voltages, for example. IB volts. Consequently, any voltage discharged through diode set 280, 
as well as the other diode sets, in excess of .what can be dissipated by the voltage sources, is diverted 
through the zener olodes to ground. In addition to high voltage protecnon, these clamping diodes and zener 
diodes -do not draw exciess cun-ent during normal touch location detection. Therefore, the accuracy of touch 

23 detenninafions is not affected by ieakage currents through this protection circuitry. 

With continued reference to Fig. 2. circuitry for coupling offset capacitor 168 to the SlG-cutput 50 
during third or Z stags touch current determination is showr^ More specifically, the MO and Ml outputs are 
coupled to swTtch 170 by a wired OR gate comprised of diodes 2SS, 290 and resistor 232. Switch 170 is a 
conventional inverting swifc:h which dcses when its control input, is zero. This happens when MO and Ml 

30 are both at logic zero and .the panel is in its third or Z impedance current determinaiion stale. Tne 
functioning of offset capacitor 163 is explained below in connection with the description of the automatic 
huiiifig circuit 150. 

S3 Panel Output Sipnal Processing Circuit 

neferring again to Ftg. 3, currant detector 52 may comprise a cun-errt-to-voltage converter operational 
amplifier with its inverting input connacted to the center tap 54 of the transformer 44. Tne noninverting input 
of amplifier S2 is grounded. A pair of input diodes are connected in parallel and in opposite directions 
40 across the inputs of current sensing amplifier 52. These diodes protect the amplifier from excessive 
currents and voltages. A 220 ohm feedback resistor 302 is connected between the output 54 and inverting 
input of ampufier 52. When connected in this manner, amplifier 62 provides an output 54 corresponding to 
the cun-ents flowing tc the transformer center tap 54, and thus to the first second and impedance touch 
currents. These touch current signals are filtered by a filter circuit 35 and delivered to input 63 of the analog 
45 multiplier. Biter 63 comprises a passive, high pass filter. This filter includes a 1000 picofarad DC blocking 
capacitor 304 and a 4^7 kilohm resistor 302 connected from analog multiplier inpiit 53 to ground. The 
negative 12 volt supply is also connsded through a 4.7 kilohm resistor 306 to the input 68. 

Analog multiplier 59 obtains a fsfarehce signal from the output 70 of signal source 30. Output 70 is a 
square wave output which is shifted in phase 90* from the sine wave output 36 used to drive the 
50 transformer 44. Output 70 is connected through a 4.7 kilohm resistor 310 to a node 311, which in turn is 
connected through a 10 kilohm resistor 312 to the positive 12 volt supply. Node 311 is also grounded 
through a 3.9 kilohm resistor 314. TWs network divides the voltage at the square wave output to a level 
which is compatible with TTL logic. A diode 313 clips the negative half cycies of the square wave output. 
This leaves the positive half cycies as the synchronization signals at OSC. SYNCH, output 1 40. Node 311 is 
ss coupled by a 1000 picofarad DC blocking capacitor and a pair of 10 kiiohm resistors 320, 322 to the- input 
75 of the analog multiplier 69. A 150 picofarad filtering capacitor 324 is connected from the node between 
resistors 320, 322 and ground. Also, input 76 to the analog multiplier is grounded through a one kilohm 
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resistor 323. These latter resistors and capacitors filter the cGpped square wave outpU to provide the 
reference frequency signal for the analog multiplier. Analog multiprier 69 may comprise an MC1436 analog 
multipner available fronn Motorola .Company. This circuit is connected as shown in Fig. 3 and has 
conventional biasing resistors listed in Table 1. 
, 5 With the circuit nulled, as explained below, the transformer secondary center tap is at exactly zero 
volts, in tt^e absence of touch by user. Tnis is true even without the sensing circuit A touch by a user 
diverts some current to ground. Conservation of charge requii-es that this current also flow in the center tap 
wire 54. Tne resulting center tap current is composed of a signal at the panel drive frequency wo. and a 
substantia] noise component X, Y end Z touch data are represented by amplitude changes in the current 

70 signals. Since oniy the amplitude, data is of interest a synchronous detector can be used to demodulate the 
ampiitude-moduiated touch cun-ent signals. Analog multiplier 69 is used for this synchronous detection, 
resulting in enhanced- noise rejection and thereby more accurate touch location determinations. To 
accomplish demodulation, the center tap current signal is multiplied by -the earner signal derived from the 
output 70 of signal source 30. Mathematically, in the first or X determinstion state and assuming the touch 

TS presents a constant impedance to ground. 2i, the resulting, voltaoes are as follows: 



PANEL VOLTAGc xVoCOsv.'ot 

20 

CENTER TAP CURRENT 



xV COS (w t^) , „ . 
•o- • - • o— • • -r Noise 

2.. 



MULTIPLIER OUTPUT 



cos -S- 0 -r COS "9 . d^"^ "• • -r Noiss 

These expressions also include constants which are' cancelled during signal processing. SimHar expressions 
are obt^ned during Y and Z touch cun-ent deterrninations. A.s long as the touch cuaent phase shift B is not 

^ ninety degrees relative to the muitiplier reference signal, cos b is not equal to zero and the multiplier output 
provides usable data- Although touch current is typically capacrtive, because the source 30 a square 
wave output shifted ninety- degrees from ihe sine wave output, B is close to zero' degrees and accurate 
information is obtsined. MulUpIier output amplifier and filter circuit 80 comprise a low pass fitter which 
effectively eliminates the V^s2w^ term and much of the notse. The resulting signais correspond to s,, 

^ iyand li as set forth in equations a^ b and d above. Touch location is then detenmined by'processing these 
signals. 

More specifically, output pin 9 of analog muttipfier 69 is connected through a 47 kilohm resistor 346 to 
the.inverting input of an operational amplifier 343. Output pin 5 of analog muttiplier 59 is connected through 
^ another 47 icilohm resistor to the nonin\'erting input of the operational ampFmer. Tnis noninverting input is 
also coupled to ground through a 47 kilohm resistor 352. In adoltion, a 47 kilohrri feedback resistor 354 is 
connected from the output of amplifier 348 to its inverting input Finally, 0.022 microfarad capadtors 353. 
353 respectively couple pins 9 and 5 to ground. " . ' 

E5 
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Because Z; varies widely, signal levels at output 82 vary considerably, tf ix, i y and i^from output 82 
were simply converted to digital data* and then divided pursuant to equations a. b and d above, accuracy 
would be low for small signals, because of round-off error. Instead, the signals are integrated to give the 
values t^ix. tyiy. and tJ,. The integration times tx. ty. and t^arB controlled by niicfocontroller 103 to maximize 
the magnitude of the integrated values, within nmils, and to minimize enror. Since tx, ty. and ti are known by 
the microcontroller, differing integration times are factored out by the microcontroller during touch location 
determination. Integrat'on also provides additional noise fiftering. 

Referring again to Hg. 3, the amplifier output 82 is fed through a Z2 kflohm resistor 360 to the 
integrator switch 84; Whenever a logic zero hold signal is applied on- Gne 88 from decoder 130, under the 
control of microcontroller 108, the switch 84 doses. As a result, the amplifier output 82 is coupled to the 
integra:ting capacitor 90. Tne amplifier output 82- is integrated for an integration time period having a 
. duration which is dstemriined by the duration of the hold signal. Integrating capacitor 90 comprises a 0.022 
microfarad capadtor connected from the inverting input of iritegrator amplifier 92 to the ampfriier output S3. 
I ne noninverjng input of amplifier S2 is grounded through a Z2. kilohm' resistor 352. The inteorator di- 
schsrge switch 94 is in parallel with the capadtor 90 with a 390 ohm discharge current limiting resistor 
connected between the integrator cutout 98 and the switch. In response to logic zero "ois signals on 
fine 95, from decoder 130 under the control of microcontroller IDS, switch 94 closes to discharge capadtor 
90. Discharge takes place just prior to integration. The output 98 from integrator drcuit 85 is a positive or 
negative analog voltage. This output corresponds to an integrated analog version of the touch currents 
generated at the center *£p 54 of the transformer 44. 

Tne integrator output 93 is coupled through an operational amplifier drcuit 353 to'-^ie data input pin o of 
the analog to Digital converter 100. Tne drcuit 33S shifts and attenuates the integrator output 98 in order to 
match the input range of the analog to clgital converter. Circuit 353 also comprises another filtering' stage. A 
pair of zener diodes 388 is coupled from the node between a pair of resistors 3SQ, 333 and ground, Tnese 
diodes clamp the voltage at this node to approximateb/ plus or minus 5.3 volts and limrt the ranae of 
voltages applied to the operational amplifier drcuit 353. 

Analog to algitaf convener 100 rr^y comprise a National Semtconducter ADC1001 circuit The sight 
output data lines of this drcuit are connected by lines 102 and 104 to data input/output pins 32 throuoh 39 
of microcontrolier 103^ Analog to digital convBrter 100 has a cs J^put pin 1 connected by nne 142 to 
d'ecodSr- 130, an pin 2, a. WR" pin 3, and an Int?^ ' pin 5. Under the control of 

microcontroller 103,' as is known, these pins are controlled so that, upon completion of an integration cyde 
and *J^e resultant digitization of the integrated touch current- signal, the olginzed current data is transferred" 
to the microcontroner. The values of the resistors and capacitors coupled to the analog to cigital converter 
100, arid also included in circuit 355 are listed in Tatile I. 

A two's complement approach may be used in conjunction with the digrnzation of negative values from 
the integrator. From the sign of the digifized vaiue. the .quadrant -of the touch location P is determined: For 
example, with an X-Y coordinate system having an origin at the center of the touch sensing surface IB, 
negative X. toucfi. cun-ent values inolcate touches to the left of the origin. Conversely, positive X touch 
current values inalcate touches to the right of the origin. Similarly, negative Y touch current values indicate 

» touches below the origin while positive Y touch cuaent values inolcate touches above the origin. 

The integration cycles are repeated, with the microcontroller shifting the multiplener 52 (Fig. 2) through 
its respective states, to obtain successive digitized first, second and impedance touch current values. Tnese 
values are then processed to indicate the location at which the panel is touched. 
• Tne illustrated microcontroller 108 comprises a programmable 6751 EPROM microcontroller from Intel 

r Corporation; In addtion. decoder 130 comprises a 74LS138 decoder/demultiplexer drcuit In addition, the 
telecommunications interface 120 may comprise a National Semiconductor DS1439 Quad Line Receiver in 
combination with a DS1483 Quad Une Driver. In the depicted configuration, microcontroller pin 10 
comprises a serial input port, pin 9 comprises a reset input which, if at a logic 1 level, resets the touch 
detection drcuit and pin t3 comprises an external interrupt input Microcontroller output pin 6 is used for 

I sending a requesit to send signal, pin 7 is a data transmission ready to send signal Hne. and pin 11 
comprises a serial output These pins are controlled in a conventional manner to enable microcontroller 108 
to send or receive data, via interface 120, over a telecommunications networic In addition, serial transmis- 
sion and reception of data is possible. Parallel output latch 112 may comprise a 74LS377 octal-D fiip-fiop 
with eight pa-atlei data output pins and con-esponding input pins. Microcontroller 108 cont-ols latch 112 at 

5 pin 11. In addrtion, the enable input pin 1 of latch 112 is connected to an input/output pin 8 of the 
microcontroller. In response to enable signals from the microcontroller, parallel transmission of data from ' 
latch 112 occurs. 
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Control switch 198 may comprise a manually operated switch having seven outputs connected to 
microcontroller input pins 21-27. tnese ouputs are at logic 1 or logic 0 levels, depending upon the switch 
settings. Typically, the logic levels at pins 13 and 14 determine the mode or manner by which the existence 
of a touch is determined. For example, if these pins are at respective logic 0 and 1 levels, a "touch on 
make" mode is indicated. In this mode, upon the initial detection of a touch, touch location data will be sent 
via latch 112 or interface 120. If the logic levels are 1 and 0. a "touch on break" mode is indicated. In this 
case, upon releasing of a touch locaSbn p.e. by a user lifting his or her finger from the touch sensing 
surface), touch location data is sent Furthennore. if the logic levels of ttiese outputs are both 0. a 
"continuous mode" is indicated. In this mode, touch location data is continuously sent so that movement of 
a user's finger across the touch sensing surface is monitored. In addition, the logic levels of pins 11 and 12 
determine whether parallel output latch 112 or the serial output is to be used, and also the baud rate of the 
telecommunications output O-e. 1200 baud, 9500 baud, 19,200 baud), me logic levels of pins 9 and 10 are 
used to designate parity of the data..rinally. the logic level of pin 8 detennines whether data is transmitted 
in an 8-bit binary form, or in some other format. Switch 198 can take virtually any form and may be larger 
or smaller as needed to control designated parameters involved in signal processing. 

To complete the description of these components, pins 18 and 19* of the microcontroller are coupled 
through 33 picofarad capacitors to ground. A quartz cr/stal is corinected between these pins to provide an 
csciiiator reference frequency for the microcontroller. In addition, tJie touch panel circuit 55 has a number of 
0.1 microfarad power supply decoupfing capacitors (e.g. one being numbered as 374). 

Tne operation of the rhicrocontroller 108 to perform the integration and touch location determinEtions. 
as well as for use in automatic nulling and automatic frequency contro!. are explained below with reference 
to the flow charts of rigs. 9-1 5. 



25 Automatic Nulling Circuitry 

As another aspect of the present invention, the panel output signal processing circuit includes the 
nulling circuit 150 for nulung the first, second and impedence touch currants. By "nuIRng", it is" meant that 
touch currents at center tap 54 are efisctiveiy offset to zero at limes when the touch sensing surface 18 is 

30 not being touched. 3ecausa-of this nulling, toudies of the type which generate relatively low touch currents, 
such as with a gloved finger, "can mors accbrsteiy and rsacTr>' be determined. Tnat is, they are not masked 
by underlying ambient current signals at 1he center tap which arise from sources other than the touch. 
Consequently, the touch; pans!' device" can be used in a wide variety of relattvefy noisy environmsSs! 
including. in conjur.ction with electroiuminiscant displays. 

25 In general, offset or nuHing cun-snts are in effect added to the currents from transformer center tap 54 
to null the X, Y and Z touch currents under no touch conditions, the magnitude of the nulling touch currents 
is ccnt-oIled- by the microcontrolier 103 and- is automaiicaily adiusfsd- as' processing coWriues. In' one 
specific nulling circuit irnple'mentation. an effective capacitive lead is coupled by the nuinng circuit to one of 
the first arid second panel scanning out+juts 43, 50. The magnitude of this capacitive load is varied in 

40 response to nulling control signals from miaocontrollerl 08 to thereby vary the nulling of current signals at 
trau':sformer center tap 54. 

One specific embodiment of a nulling circuit is shown in ng. 3. In this case, the nulling circuit- 150 
includes a nulling control device, such as a lalch 390. Latch 390 is tike parallel output 'latch 112 and 
receives nulling signals on bus 154 from data pins 32-39 of the microcootrolier. Clocking signals are also 

45 denvered from the -microcontroller to pin 11 of latch 390. In response to an enable input to pin 1 of latch 
390, from line 156 of decoder 130 and under control of the microcontroller, digitized nulling control signals 
are transferred frbm the latch 390 inputs to the latch outputs. As explained^n connection with the flow 
charts below, this typically occurs when microcontrolier determines tf^aJ the touch sensing surface is not 
being touched and thai any of the X. Y or Z touch currems are too high. The outouts of latch 3S0 are 

50 connected as shown to the control pins 1, 8. 9 and 16 of a pair of switching circuits* 332, 394. Exemplary 
switching circuits include GE Intersil DG211 CMOS four-channel analog switches. Tne output pins 3, 6. 11 
and 14 of these switches are electically interconnected and are also connected to one of the'pan=»l 
scanning outputs (i.e. to SIG+ output 48) by the fine 152. The input pins of these switches are coupled to 
capacitors in respective capacitor banks 396, 393. The magnitude of the capacitance coupled to the SIG + 

55 panel scanning output depends upon trie logic levels of 1he signals st the latch outputs. More specifically 
pins a 7, 10 and 15 of switch 392 are grounded through respective 1, 2, 4 and 8 picofarad capacitors 400^ 
403. Similarly, pins t 7. 10 and 15 of switch 394 are grounded through rispecttvg 15, 32, 64 and 123 
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picofarad capacitors 408-414. Wfih this arrangement of capacitors, the capacitive load added to the SlG-i- 
output by rtuliing circuit 150 can range, in one picofarad steps, from zero to 255 picofarHds. If desired, 
switches 392. 394 and latch 390 may. be changed to components of larger capacity to accommodate the 
use of larger capacitor banks 398, 398. . * 

5 Various methods may be utilized for determining the capaaiive load on -the SIG + output that results in 
the most effect-ve nulling of a parScuIar touch current Assume the nulling capacitive loads are determined 
for each of the X, Y and 2 touch current" measuring states. These loads typically remain fixed until such 
time as any of the touch cun^nts generated from the touch sensing surface under ho touch conditions 
exceed a predetermined null threshold. When this happens, the capacitive load is- aolusted to bring that 

10 touch current measurement within the threshold. 

in orte approach for automatically selecting the appropriate, capacitor load, assume that the impedence 
touch current under no touch conoitions exceeds tine null tpres'hoid. In this case, the largest nulHng 
capacitor 414, at midrange of the capadtor bank, is coupled to the S1G+ output Assume the Z touch 
current under no touch conditions is then negative and in -excess of the desired threshold This implies that 

T5 capacitor 414 is not large enough for nulling purposes. The next biggest capacitor 412 is then added to the 
SiG output and the Z touch current under no touch conditions is' rechecked. in contrast, assume that 
following the addition of capacitor 414 to the SIG-^ output the 2 touch cun-ent under no touch conditions is 
positive and in excess of the null threshold, This implies that capacitor 414 is too high. Capacitor 414 is 
then dropped out of the circuit and replaced by capacitor 41 Z Null checking then continues. Eventually, the 

20 system iterates to the correct capacitive lead to achieve the desired nulling. Of course, other methods of 
establishing the capaciuve load are also suitable. 

Offset capacitor loS {Figs. 1 and 3) typically comprises a 120 picofarad capacitor which couples the 
SIQ-output to ground. Tnis capacitor provides an initial nuIRng offset to the touch currents at center tap 54. 
This initial offset is in a direction such that capacitance falHng somewhere in the midranoe ^of capacitor 

25 banks 393, 398 typically nulls the X and Y touch cun-ents. During 2 touch cun^nt determination, especially 
if all sides of the touch sensing surface are being simultaneously driven by the SIG + output the leakage 
currents nre relatively higher. Consequently, additional offset capacitance may be used to provide an offset 
which inifrally places the impedance' touch currents under no touch conditions somewhere in the midrHnce 
of the total capacitance of nulling circuit ISQ.Jhus. an additional offset capacitor 15B is added to the SIG- 

30 output during impedence touch current determinations. As previously explained hi connection with Fig. 2. 
switch 170 connects capacitor ISS in place only at times when 2 cun-ent measurements are being made, 
^^f'-^i!^ ^'^.^rP?P^°^ switched out of *uhe circuit Ofrset.capadtor 168 is typically about 550 picofa-ads!- • 
Capacitor 133 may be left in the cirauit continuously if the capacitance range of auto null circuit 150 is 
increased. 

3S Assume that impedence touch currents are being measured and that no touch is present In this case, 
!^r" ^ ^ ^I^y. 5^?r.T!jr^r-- 9"Set.ca;iagitance coupled .to Iba touch panel equals the nulling 
capacitance C;. from the jiulling circuit 150. no current flows through the transformer center tap 54 to virtual 
ground, i his constitutes a nun condition and the center tap current is solely a function of touch impedence. 
I his is because there are no significant voltage changes With changes in touch location. The' nulling 

40 capadtances Cx and Cy. coupled to the touch sensing surface by the nulling circuit during X and Y touch 
current determinations, are similarly adjusted to yield a center tap null current under no touch conaltions. 
When nulled for aH three states, cun-ent flows from the cemer tap 54 only when the touch sensing surface is 
touched. 

To further null the touch signals when the touch sensing surface is untouched, microcontroller 103 
<s includes software for generating offset nulling signals. These offset signals in effect fine tune the touch 
currant nulls under untouched conditions. Tnis is explained more fully below in the discussion of the Rg. 9- 
1 6 flow charts. 

Nulling circuit 150 may be implemented in a variety of forms. For example, as shown in Fig. 6. latch 
390 may be replaced by either a loop counter or a shift register 422 having fts outputs coupled to the 

50 respective control inputs of switches 392. 394. In the counterlmplsmentation. in response to count pulses 
from microcontroller 103 on line 154, counter 422 increments its count and causes a variation in the 
capacitive load connected to the S1G+ outi!)ut The capacitance is varied one successive step at a time until 
the desired nulling capacitance is determined for each touch current determination state. In the shift register 
implementation, the shift register 422 has a data input coupled to microcontroller 103 and a strobe Input 

55 * connected to a strobing output of the microcontroller. In response to strobe signals, the null signal data, 
which designates a particular combination of nulling capacitors is -loaded from tie microcontroller into the 
shift register. The iteration technique described above In connection with Fig. 3 may be used to determine 
the proper nulling data for the shift register; 
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In another implementation, multiplying digital analog converter circuits under the control of microcontrol- 
ler 108.* are used to vary the capadtive load which is coupled to the touch sensing circuit In the Fig. 4 
embodiment a conventional multiplying- digital to analog converter circuit 424 has an input connected to the 
output 40 of th9 panel supply amplifier 38 (Rgs. 1 and 3). The output of circuit 424 is connected to the 
noninverting input of an operational amplifier 426, which has a feedback resistor 428 between its output and 
inverting input Depending upon the ty^e of operational amplifier 425 used, a nulDng capacitor 430 is either 
(a) coupled from the inverting input of the' operational amplifier to the SiG-panel scanning output 50 (as 
shown in soRd lines in Fig. 4); or (b) to th*e output of the operalionaJ ampiifier (as shown in dashed lines in 
Fig. 4). Fig. 5 is similar to Rg, 4 in its use of a n^ultipiying ofgital to analog converting circuit 424. However, 
in ng, 5 the output of circuit 424 is connected directly to a five hundred and fifty picofarad nulling capacitor 
430. A thirty-three kilohm resistor 431* 'decreases the full "scale range of circuit 424, whtle a twenty-two 
picofarad capacitor 433' helps, prevent spurious "oscillations in circuit 424. Nulling capacitor 430 thus 
comprises- one foTm of capacitive loading means for the nulling circuit Microcontroller 108 generates nulling 
control signals on lines 154. which are fed to the multiplying digital to analog converting circuit 424. In 
response to these signals, the capadtive loading effect of capacitor 430 on the SlG-output is varied. The 
capadtive loading is varied as explained above to adjust the X. Y and 2 touch cun-ents to zero when th*^ 
pane! is untouched. 

in the Fig. 7 embodiment, signal source 30 comprises a conventional quadrature osciiistor having a first 
output 36 connected to the panel supply amplifier 38. In this embodiment, the multiplying algita! to analog 
converter circuit 424 obtains its input from an output 70 of the quadrature osciiistor which^is 90 • out of 
phase from the output 35. The multiplying digital to analog converter circuit output is connected'through a 
resistor 432 to the SIG-panel scanning output 50. Because the panel scanning output 35 and the output 70 
are phase shifted, resistor 432' in effect behaves as a capacitive load on the SlO-outout Tne magnitude of 
this effective capacitive load is varied in response to nulling signals, delivered to drcurt 424 on fmes 154, 
fi^m the microcontroller 10S. i nis magnitude is adjusted to estabHsh a null condition for each of the touch 
currents. 

rig. a Qlscbses a nulling circuit implementation in which offset current is directly added to touch 
currents from center tap 54 at a location ahead of 'cun-ent detector 5Z In this emboolment center tap 54 is 
connected to the inverting input of an operational arfipiifier 434. A feedback resistor 436^ is. connected 
between the output of amplifier 434 and its inverting input The output of operational ampii^er 434 -is 
connected through a resistor 433 to &ie inverting input of another operational amplifier 440. Operstional 
ampiifier 440 also has a feedback r5sistor:-442- connected between this output; which" con-esponds td the- 
input 30 of the current detector, and to its inverting input Tns noriinverting^inputs of each of the: operational 
amplifiers 434, 440* are grounded. Moreover. &ie output of multiplying -digilal to analog converter drcurt 424 
is coupled through a capacitor 444 to the inverting input of operational ampiifier 440. A first input to the 
^Ji!f]i?'yJng. digitai to anaiog convertet arcuit 424 is obtained from the outout- 40 of the panel' supply 
amplifier 33. A second or control input to circuit 424 comprises the nuliing signals from the microcontroller 
Multiplying dgiia! to analog coriverter circuit 424. when connected in this manner, adds a nuifing cunent to 
the touch current signals obtained at tiia center tap 54. Tne magnitude of this nulling cun-ent is adjusted by 
the multiplying digital to analog converter drcuit 424. under the corrtrol of the microcontroller, so as to null 
the touch cun-enb when the panel is untouched. 

In each of the above examples, automatic nuliing d the touch cun-ent signals from the touch panel 
device is accomplished. Moreover, this nulling can be accomplished as the touch panel de^^ice operates to 
null the touch currents on an ongoing basis. 

Auto Freougncy Control 

With reference to Rgs. 1 and 3, the touch pane! device includes a means for automatically shifting the 
frequency of the panel scanning signals away from frequency interference spectra in the environment in 
which the touch panel system is used. This effectively negates the effect of the interference frequency 
spectra on touch current determinations. One prindpal source of such interierance spectra is the horizontal 
flyback signals of cathode-ray tube olsplays. Tne frequency of these flyback signals can vary from device 
to device and also can vary es a particular device is operated. By providing for automatic frequency shifting 
away from these interference frequency spectra, there is no need to specifically design a variety of touch 
panel devices- for the various expected Interference frequency spectra. That is. the touch panel system of 
the invention automatically compensates for such variations and does not have to be customized'to avoid 
interference frequency* spractra. 
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• In the illustrated embodiment, the signal source 30 comprises a variable frequency signal generator 
having an output frequency controllfed by frequency control' signals at a 'frequency control input 176 (Fig. 1). 
Specifically, signal source 30 may comprise a voltage controlled oscillator which produces variable 
frequency outputs in response to signals from automatic frequency control circuit 178. 

5 Microcontroller IDS determines from the touch cun-ent data whether the drive frequency should be 
shifted. In one method, this determination is made by monitoring the rate at vv^ich adjustments in nulling of 
the touch current outputs is required If thQ rate of change of nulling exceeds a predetermined rate, the 
drive frequency is assumed to be at a level whim is too' close to the "frequency of 'interference signals/in 
this case, the microcontroller 103 controls automatic frequency control circuit 17a to adjust the output 

^o frequency of the panel scanning signal obtained from the signal generator 30. Typically, tnitiaf frequency 
adjustments are relatively large. After an' initial operating frequency has tisen selected! updating of the 
operating frequency is typically accomplished in small increments, in addition, as explained in connection 
with the flow charts below, a mechanism is provided for predetermining the direction in which the frequency 
should be adjusted. • _ 

IS Refen-ing- to Rg. 3. digitized frequency control signals are transmitted from outputs 32 through 39 of the 
microcontroller on busses 104 and 182 to the data input pins 4-11 of a digital to analog converter 134. The 
digital to analog converter (DAC) forms a part of the automatic frequency control circuit arid may comprise 
an Analog Devices AD7524 DAC interiohnected as shown in Fig. 3. Filtering capacitors and biasing 
resistors utiFized in this circuit are Tistsd in Table L TheJ^^R input 13 of circuit 184 is coupled to the 

20 wR output 1S of the microcontroliar. In addrSon. the c5 pin 12 of circuit 1S4 is connected by iine 1 S3 
to the decoder 130. Under the control of microcontroller 103. whenever the cs and inputs are 

both^at a logic low level, olgital to analog converter 134 responds to data bus inouts at pins 4-11. When the 
CS signal is at a high logic level, the data bus inputs are locked out In contrast, when the WR input 
isjhigh, the digital to analog converter 184 holds the last data present at the data inputs when the WR or 

^ cs signals assumed a high logic state. The output at pin 1 of DAC circuit 184 is connected to the 
inverting input of an ampiifier 460. Ampiiiier 460 has its output connected to the feedback pin 16 of DAC 
184. A one microfarad capacitor 452 jmerconnects pins 1 and *1 6 of the DAC and the noninverting input of 
amplifier 450 is grounded. In addition, the output of this amplifier is connected through a 33 kilohm resistsr 
^464 to the noninverting input of another ampiifier 463. Tne FM.'bias pin 175a of signal source 30 is 

00 connected through a 47 kilohm resistoi- to. the noninverting input of ampiifier 453* nnaliv. the output of 
ampiifier 436 is connected to the frequency sweep input 17ob of source 30 and also through a 10 kiiphm 
feedback resistor 470 to its inverting input "When- configured aToiscri Bed' above, in rSi^o'rJse to frequency 
control signais from micrcccnfoiier 103, the frequency of signal source cutouts 35. 70 is variable over a 
range from about 130 kilohertz to about 230 kilohertr. This range can be increased or decreased as 

25 desired.- 

To protect- Ihe touch- panel- deviceirom- excessive currents, m'ici-oconxrblfer 103 continuously monitors 
the digitized touch cun-ent signals. Typically, the impedance touch cunrent signal is specifically monitored 
for excessive cunrent although the other touch current signais may be monitored as well. If tfie impedance 
touch current signal exceeds a predetermined value, microcontroller 103 causes decoder 130 to send an 
<o OSC. EN. signal on line 190 to the control input of the source disabling switch 192. When this happens pin 
10 of signal source 30 is grounded end the output of the signal generata- is shut off. Simultaneously.' the 
panel scanning sequence is typically shifted to itk off state. Tnis opens the connections between the panel 
contacts and the touch detection circuitry. This also protects the touch processing circuitry from excessive 
touch cunents. 

45 The afaovs described touch current system requires relatively little power (i.e., typically less than three 
watts) for its operafion. In addition, circuit board size, the number of components used, and costs are 
reduced. Also, typically the entire device is standard for a wide range of appfications, although the offset 
capacitors 153, 183 are sometimes varied to fit specinc environments. Therefore, user adjustments are 
minimized. Also, multiplexer 52 can be used, without redesign, for coupfing from one to six pins to each 

50 side of the touch sensing surface, i his adds further versatility to the touch panel device. 



Touch Cunrent Processing 

^ The fiow charts of Figs. 9-13 illustrate one sequence of operation of the touch panel system of Ftg. i, 
mese fiow charts include automatic nulling and a-Jtometic frequency control sequences, as well as 
sequences for processing the digitized touch currents into touch location data. 
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Fig. 9 niustrates an over-all approach. Commsndng at a siart block 4S0 which mav lnvnh,» 
Jhe' Circuit an .NiT. PREQ. block 432 is reached. Block' 482 refer, to a siS wSS e.S « 
touch panel operatng fr^uency and which also c^lls an initial nulfing subroutine. At the nerblock X 
and Y a 9 set equal to zero. Also. 2 is set equal to FFh. In this description, rrh Indicates L numhT'-^ 

outputs X. Y ^d Z to .nacate that this initiaJizstion Is complete. Thereafter, at a block 486. the old X. Vld 
■ Z values are stored. A block 483 is then reached, at which new X Y and Z values ^i^Il^^S: 
488 refers to subroutines set forth in Figs. 13 and 14. determined. »lock 

,« fK. f I' P;o««i"g wnSnues through loops 490. 492 and 494. Tnese loops determine wh-th=r 
« the new X. Y and 2 values are recessed when the touch panel device is In a part'cular modTrfoDeicon 

More specmcally. loop 430 includes a decision biock 492 for cSecking whether L de^^relrbeinn o^^,!^" 
. ,n the continuous mode." This depends on the setting of «,e control switch 198^1 oS S 

connect.on w* Hg. ^ If yes. the touch pans, device looks for any c'-.anoes in the X. Y or ztalu^s 1 a 

deasion block 4S4. If there are no ctenges. processing continues to a blocV 498 If th-r= are !^ 
. block 496. the new X Y and Z values are «ed from the touch p^el d^^^ion ct^ ^ 

procedure then continues. u„.c„ujii i,n^unry. me 

Loop 492, which follows loop 490, evaluates the "touch on make" mode in cas=s where fhi^ m-,H= 1. 
selected by control switch 193. This mode involves omoAing new X, Y and Z valu's's me fir 
. Of any ahange in these values. If the touch panel device A the touch on mS^'^Jdl a Sc^n T-k 
.0 =00 .s reached from block 498. If the prior Z value was equal to FFn (no touch) and new - va ue Is ^cJ 
equal to rrn, Inen the p^nel has just been toudied. In this case, block 493 i reached Tdlhl lew x"? 
and Z values are. transm,tted. Frocassing then continues from block 493 or from the no b:e.nch d biS 
in the event a new touch hss not been detennined 

At block 502. in loop 494, an evali;ation is made as to whether the touch panel device is in the "iorh 
2S on break- mode. Tn,s is determined by the setting of control switch 198 If so the'~u^Tar^«l TT 
for the f,r^. instant |hat a user releases his or touch from the touJ, ^sj LI^Tm bl^^'k 5 
determ,naton ,s made as to whether the previous Z corresponds to a no touch situation and w^«! 
new Z corresponds to a no touch situation. If yes. the touch sensing surface h^s just be^n re^L^d^nH T 

°" y;^^ ^ to w.hether the signal source 30 has t>een tur;ed off bv thT 

uSC. =N. »ign<iL If so. an aro.irary delay, for example, of sHgtitly mor= ,i,a.„ „„„ „, ^ • , . " 

. 510 to give the source of excesses cunent time to clear Proc^^sVg ths^ cT-u^s^f 
35 Although not shown in Rg. 9. the amount of continuous delay c^ be r^oS^^'^i'so L^.^ 

-}^.^ stopped if me cumulative delay exceeds a predetern,ined t^e f tSl we^e to^-^r^K-' 
m,crocontroller 103 has continued to disable the sign^' generator 30 tyo d the sTZ^^'Z 
because of excess.ve touch currents. Tnis indicates that the s>-stem needs to be checLd 

« 512 TbST/ tT "^^^^ '^'^ ^9- 9- co^^^nces a: a b'ock 

« At block 514, the frequency ,s initially set to 7Fn. Tnis is the initial frequenc-/ value sent to dL^^ 

analog co-jverter 184 for use in controinng the frequency of signal generator 30. 4is in HauLle S S 
half way tnrough the range of digital to anabg converter 184-. At succeeding blocks SIS SI8 ,n^1,n 
certain initial co.ndHions are set A variable. Fconst. is inib-ally set equal to aem and rt^^'n^ l^n^mL; 
of scanning cycles that have taken place wherein no touch waTdetected and fo whi^The frJ^.T.t 
« setting has remained constant. Old Fconst is set equal to FFh as it is InMv ^^L TfJ l ^ ^ 
stable. An initial Foffset is also set equal to zero. In addition " F^c^ X s^^^^^^^ ' 
flag controls ttie direction of frequency changes. When Fmod is on» ?e?u=ncv adillj^ ,r! 
upward directionJf Fmod is negative one. frequency adjustments in a ^ownSXeSTetdfc^e It 

cirjon'with%' """^ ' '^'^^ ™^ -^-«- - ^-n-^d b^wl^ 

Thereafter, at decision block 524, a determination Is made as to whether the X Y anrt 7 . , 
. values are satisfa«only nulled. This is accomplished by comparing these v^ et wS, a nu thresMd S 

answer .s no. this indicates that the iniSal frequency is too close to an interference fr^encv 7^:2^^^ 
55 example, the mitial frequency may be close to a harmonic of the horizontal flyba^ freguerS 0^ c^modl 
ray .tube monitor with which the apparatus is being used. In this case, at block 525 the freqj;^; ,^!!ld 
y a large step. i.e.. ten units. This is accomplished via the interaction of microconSreMOS d K 
automate nequency con^ol circuit 134. An evaluation is then made at a decision block 528 a^ to whtth»r 
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si! frequendes hsve been tested. If the answer is yes, the process stops at block 530. mis would be an 
extremely rare circumstance when none of the possible operating frequencies produced touqh currents with 
an acceptable null. If ail frequencies have not been tested, the process returns from block 528 to block 522* 
for renuliing of the signals. 

s Assume that the X, Y and Z touch current signals are within the threshold evaluated at block 524. In this 
case, a subloop 532 is reached. Tnis subloop evaluates whether the touch currents, such as the 2 touch 
current, have remsdned satisfactonTy constant for a predetermined number of c^'cles. If so, the initial 
operating frequency is set and remains set until it is updated as explained below. If the Z touch current is 
not sufficiently constant over these cycles, then the frequency is changed by a small increment end the 

70 initial frequency seJection procedure continues. Eventually, a frequency is selected which results in a Z 
touch cun-ent that is nearly constant for the predetermined number of samples. Tne inrt'al frequency 
subroutine is then over. 

More speciiicaliy. the yes branch from block 524 passes to a block 534 at which the number' of 
samples is set Although any number of samples may be selected, ten is a suitable example. At block 536, 

75 the old impedance touch current value 2 is stored and, at block 53S. the new impedance touch current 
value is measured. Measurement of the touch currents is described in connection with t=ig. 12 below. At 
block 540, the absolute value of the difference bstv/eennhe prior 2 and new 2 is compared to a threshold, 
i.e. 1- if greater than the threshold, block 542 is reached and the drive frequency is incremented by a small 
step. i.e., one increment. Processing then continues at block 524. However, if the impedance touch cun^nt 

20 has remained constant within the tolerance of this threshold, block 542 is reached from the block 540 and 
the count is decremented by one. At the next block 544. a determination is made as to whetiier all of the 
samples have been checked. If not processing continues at block 535. if so, then the 2 touch cun-ent or 
any other touch currents being evaluated for constano^ has remained surlidently constant for 'the 
predetermined number of samples. Tne initial operanng frequency which produced this result is then 

25 established. At block S4S, processing returns to block 5&4 (Fig. 9). 

Tne INfT. NULL subroutine, accessed from ng. 1Q. commences at a block 550 in Fig. 11. The nulling 
illustrated in this subroutine selects the required capacitiv^e nulling employed to null each of the touch 
current signals. Similar routines are suitable for the various nuliing circuit implementations depicted in Rgs. 
4 ihrqugh B, At block 552, the integrator gain setting is initially set equal to zera Tnis corresponds to 

30 integrating for the longest possible time, for (-ycampls, approximately ^trty milHseconds. in addition, the null 
control signal is initially set equal_to zero. The null. control signal is the. signal delivered from Lhe 
microcontroller 103 to latch 390 (ng. 3). Also, a last nuir flag is initially set equal to false. Tnis flag is used 
in subsequent upca*jng of the null. 

At bksck 554, BIT is set equal to SOh. BIT corresponds to the output from latch 390 in hexadecim^al 
^^JT.^.y^'^*^^ °17..^^ ^9^.' "^'P- '"'Pr2f?9s.capaciior_ (i.e., 12S picb^rad capadtor 4t4) is selected and 

coupled to the SIG panel scanning output At block 553. the null control signal is then set equal to the null 
control signal plus SIT. Tne first time through the loop, &ib null control signal would equal SOh. If the X 
touch current is being nulled, at block 553 the X touch cun-ent is measured in accordance with the 
, subroutine of ng. 12. Similar measurements are made of Y touch currents and 2 touch currants when they 

40 are being nulled. f 

At block 550. a determination is made as to whether the value of the measured X touch cument i? 
greater than zero (or Y or 2 touch cunrents in nulling of these latter touch cun-ents). If the answer is yes. 
then too much capacitance has been coupled to the SlG + output. In this case, at block 552 the null control 
signal is set equal to the null control signal jninus BFT. This removes capacitance from the automatic nuliing 

<5 circuit Initially, the capacitor 414 would be decoupled from the StG+ output If at block 550. the measured 
touch cunrent is not greater than zero, this indicates that not enough capacitance has been coupled to the 
SIG output. Tne value of BIT is then halved at block 554. At block 565. a detennination is made as to 
whether the halved bit value is zero. A yes answer corresponds to a completion of the capacitor selection 
process. The first time through, the answer would be no and processing returns to block 555. If at block 560 

50 a detennination is made that not enough capacitance Is in the automatic nulling circuit block 532 is 
bypassed. Also, at block 55o frie capacitor 414 and the capacitor 4l2 are both added to the circuit 
Processing then continues, in contrast, if at block 530 a determination is made that too much capacitance is 
in the automatic nuliing circuit at block 556 capacitor 414 has been dropped and the capacitor 412 has 
been added, tnis capadtor selection procedure stops when the total capacitance coupled to the S1G + 

£5 output results in a value of null touch current which is closest to zero, but slightly negative. After the various 
capacitor totals have been checked, at biock*558, the X; Y and Z touch currents resulting under no touch 
conditions are measured. Also, at blodc 570. the null offsets for X. Y and Z are set equal to these measured 
values. These measured values corrsspond to the residual X. Y and Z touch currents present under no 
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TO 



touch conditions after tiie iniCal nuITing b complefe/These offsets ara used during subsequent detemiina- 
fons of whea^er to update the nuinng; that is, whether to change *e capacitors .iupled by '^0^^^ 

bSJS^R; '""^ ""^"'^'"^ ^ « 

yie touch current measuring sequence is shown in Rg. 12 and starts st a block 5S0. From block 590 
at olock 592. muftplexer 52 is controlled to drive the panel in the desired ' state for Tuch ciS 
detem,,naton ror example, the SIG+ output is coupled to ^ nghl-hand side of the p^ell^d ft^S 
output . «,upled to the left-hand side of me panel during XSouch current determinatibn " bkfk S E 
appropriate mill s^e ,s set In otner words, the previously determined setting of latcK 390 for the partiojlar 
touch currarrt detem^.nation. ,.e, Ih, X touch current determination, is aojlied to couple pSSsJ 
detem,,ned capacrtors to the SIS * output. At' bl«k 595, switch 94 (Figs. 1 and 3) i7cToWd to aSe 
Je .ntegratmg capacrtor 90 in preparation for integration. At, block 598, an analog to^Sl S^^is 

i^r ani^sCdh1"i2h ' ' ^'^ "^^^ ^° 

,K.*v-a?l^ SOO.iritegrafion- takes plabe'for a penod of time which is equal to the maximum inteoraBon 
(MAX.. 1M=) penod dvided by two r^sed to the power of the gair,.setiing!^lnitiafly. the gain is s» 'J ^ to 
zero. However the ga,n is adjusted during the read position sub^utine of ng. '3 as e Ja^n=d Uw n 
general, to recCe roundoff error, H is desirable to integrate for the. longest time th.at ois not p' o^ce 

SS sT^h^ mh'" ''^'^ '"^'^ '"^^ -Stei'-converter cirSt m At 

blo.k 602. «,e value of the ^easured touch current, whether it be X Y or Z touch current is set equal to 
the o,9.f.zed f^^f'^-^ ^lock 604, the value is adjusted to remove the ar,slog to digita <SS 
djsnnmed at block =98. TT,en, at block 603. the multiplexer 52 is toggled to place the switche in^e^ ^ 
s.ate^ The above sequence ,s repeated for each touch current that s to be measured Fon^-^ 
c=mplet,on of the touch current n,s^remenfs. the process returns at block oOS to tine portion oTme 
process wnica accessed the msasureihent subroutine. 

'"8 subroutines for returning nsW X Y and 2 values are shown in Pigs. 13 a.id 14. and commen-e at a 
Olock 010 .n ..g. 13. ,yp,cany al«,ough riot required in all situations, touch current signair^": aoed 
and toe averages are used m detenrihing touch locations. block S12. the number of samples whic^S 
to be averaged ,s es^I.shed. This number is set equal ,0 a function, f, of the oain The;™ bdn 
con-esponds to tne ga,n setting of ti« integrator. More specmcally. f, (gain) is eoJal io 2 w^n Se Sn 
sattng ,s 0 or one; .s equal to 4 when the.gai.n setting is 2 or 3;, is equal l=-8 when the gJn seKng fs 4 or 
=: and ,s equal to 16 when the gain setting is either 5 or 7. tne samples a.'e "selected so asTo en at^ 

als^b^Sdesi^r'"'- " ' ^'^'"^''^ '"^^^ 9^" '^^V 

^.-.JlV c---'^^ -"'S'j'^^f ^ ^ 2nd 2 touch current measurem8.-.ts a-e 

ZT'r'T 2.louch ci^rrentis measured. Althl^JTe X c Y 

ordS ^ - ^l"^"^'^ ^ «^ *yPi«!!y the 2 touch current is measured and evaluated in 

oraer to oe^em^ne whether excessivo touch currents exist and also whether the gain setting shou d t^e 
adjusted. The measured 2 touch current is then checked at block 613 to detem,ir4 wheSr ft!s gmaS 
th^ a predetermmed max.mum value, maxi If yes. the gain setting is checked at block S20 to detS 
rf rt .s zero, corresponding to the minimum integration lime. If zero, this means thai e^t^^einS^Z 

still greater th.an toe maximum value. In this case, at block 521 the sionai ganer^ao is shut off 3 ft! 
mumplexer swrtches are opened. In addiiibn, X and Y are set equal t^ thJr'previous vlS and z's ^ 
equal to zero to md.cate a shut do™ condition. Also, the last null flag is ^ eoual to Ss^for uset 
suDsequent updating of nulls. The prxess then returns at block 524. In Rg. g^iTbtock 7o3 is raa^«d 
shut down is Indicated and the delay of block 510 is implemented. * 
If at btock 620 (ng 10) a deterniination is made tha the gain setting is not equal to zero the oain 
setting ,s toen set equal to zero at btock 622. Processing ttnen continues M block !^2. When bTocl ei S is 
again reached, tr,9 yes branch is fotowed the gain setting is now zero ^d shut down occurs. How^e « 
the impedance toucn current is net greater than maxZ block 626 is reached. At this bla-k, a dete Jnafion 
IS male as to.wnether the impedance touch current is less than a minimum desired v^Je mfn zTra^ 
adjustmen of the g^n is made via a subroutine 528. Tnat is, iron, block 826. a block ^ ivra=h=dTnd" 
detennmabon IS made as to whether the gain is equal to the maximum gain selling. If so bto^k eS i! 

^c^Ts ht 1 V^i^ '^'f * '"''"'^ "° -'^^^-nsuffident imp^i,?e cur^m 

signals have been detected over the maximum integration fime period to trigger the indl«^lon of tS 
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From block S3t frequency and null update subroutines are reached at block B34. Following these 
subroutines. Vne processing returns as indicated at block d3o. With this processing sequsnce. the update 
offset subroutines are not reached except during no touch conditions. Therefore, frequency and nulfing 
adjustments are not made whfie a touch is bsing detected. 

5 If at block 530 a determination is made that the gain is not at the maximum setting, block B33 is 
reached At this point, the gain setting or integration time period Is incremented by 1. In addition, rather 
than remeasuring Z at tiiis point Z is simply set equal to (22). Tnen, at block 640, 2 is checked' to see 
whether it is less then the miri.2. if so. procsssing returns to block 630 'as previously described. If not. the 
procedure returns to block 612 and the touch panel device is operated with a olfterent gain setting. 

70 Assume that when block 526 is reached, a determination is made that the impedance touch current is 
not Jess than the miri^ value. Tnis means that 2 is within the desired min.2 to max.Z range and a touch is 
indicated. At block 523. the impedance touch cun-ent measurements are summed, and X and Y touch 
currents are measured and summed. At block 530. the number of samples is decremented. FonoWing this, 
at block 632, a determination is m,ade as to ^/nether all of the samples set at block B12 have been obtained! 

T5 If no, processing continues at block 616. If yes, processing proceeds via block 634 to block 535 (Pig. 14). 
At the follov/ing blocks 539, 540 and 642 ti^e respective summations are aolusted to remove the effect of 
the X Y and Z offsets that were initially determined at block 570 (Fig. 11) or which have been updated as 
set forth in the Rg. 15 subroutine. Tnese offsets are "determined with the gain setting equaJ to zero. 
Kowevsr, X Y and Z msasurements are not necessarily determined with the same gain setting. Therefore, 

20 during this adiustment the offsets are oTvided* by two to the gain power. In addition, the total offset is 
determined by multiplying the offset for an inalvidual measuremant by N. the total number of samples 
included within the summation. Tnus.' microcontroller 103 compensates for residual null offset currents. At 
blocks S44 and d4B; the X and Y positions of touch (Xp . Yp) are computed; In adaltion, Zp, the impedance 
value is set equal to a function. f2, of the gain and the summsiion of 2L Specincally. f2 (gain, summation of 

23 2) equals [(Max-gain - gain) 15] + [summation 2/2^], This function is selected to denote the iocarithm to 
the base 2 of the gain and for an indication of the value within the gain range. Tnersafter, at blo'ck 650. a 
last null flag :s set equal to false and processing is returned at block 652. 

Referring to ng. 15. the updating of null offsets and the panel drive frequency will next be described, 
commenpng at block 630 in rig. 15. At block oo2, ,an update nul) flag is equal to false, in adoltion, the 

30 OLDZ value is set equal- to Z. At block 554, the question is asked as to whether the previous scanning cycle 
was also a no touch situation. If. yes, the respective 2, X and Y offsets 'are then checked in succession to 
see if any updatihg of the offseis ts required. In other words', a no touch situatibh^f^ust■ extsf for a fulTc/cle 
before any null updating takes piaca. 

During null updating, from block 554, a block 553 is reached. At this block, the Zoffset is set equal to a 

35 function, fi, of 2ofiS3l and OUDZ. Namely, fi (2offset. 0LD2) = fZofiset - ZofiseXfZ^ -i- OLDZ/^]. Other 
functions are suitable, but this- particular function is selected- to periorm" fiiterin'g of the offset' vaJues^ Trie 
Zoffset is then evaluated at block 653 to determine; .whether it is greater then the max.Ioffset. If yes, the 
automatic nulling circuit needs to be acjusted to remove capacitance frorn the Sits output Tnis is done 
by decrementing the nulling' signals by one step at block 670. From block 670, a block 572 is reached at 

40 which time the Zotfsst is set equal to zero and the update null flag is set true. This f^g inolcates that a ' 
nulling update has been performed. The subroutine then continues at location 574. 

A.ssume that at block 553, Zoffset was determined not to be greater than max.ZoffseL in this case, 
block 675 is reachecl arid a determination is made as to whether Zoffset is greater than a miaZoffseL If so! 
the automatic hulling circuit has not coupled enough capacitance to the SIQ + output Consequently, block 

<3 S78 is reached. At this block the nulling signal is incremented by one step to add in additional capacitance. 
From block 578, the steps indicated in block 672 are performed. If both, the no branches of blocks 533 and 
575 have been followed to point 674, this indicates that rio adjustment of the Zoffset is required. 

The Xoffset is evaluated in the same manner as the Zoffset Consequently, blocks corresponding to the 
previously discussed blocks are given the same number with the added letter a. Similarly, blocks in the 

so Yoffset evaluation and adjustment portiori of tiie subroutine are designated with like numbers, but with the 
added letter b. Also, it should be noted that fi pCoffset. OLDX) = pCoffset - XoffseV25 -5- 010X^2^] in 
addiiion. fi (Yoffset. OLDY) = [Yoffset • Yoffsst/25 + OLDY/2-]. 

Following evaluation of the null offsets and any updating as required, the processing continues at block 
630. At block 530. the X tou&h current is measured (see Fig. 12) and OLDX is set equal to X. Then, at block 

S5 oo2, the Y touch current is measured and 01X>Y is set equal to Y. Tne last null flag is set equal to ta-e at 
block 6B4. At block 535, the UPDATE FREQ. subroutine (Fig. 16} is reached as explained bslow. Following * 
the UPDATE FPEQ. subroutine, processing is returned at block 533. 
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The Rgj6 subroutine determines whether adjustments, in the panel drive frequency are needed This 
subroutine starts at block 690 and goes to a block 692. At block 592, Foffset is set =Qu?to a f^SoJ" ' of 
Offset and UPDATE null T^is function is used to evaluate .f,e rate at which 2 'SoZl 2 "di^ 
djusts the capac*V9 lead coupled to the SIG + output If the rate of nulling adjustments Se^me^^ 

i e^nrS^?*^ ''''' .T"* ^ ' ''^"^"^ ^^^'^^ ^.-^'-^ ^ «xedTpue S 
-ncenerence spectra in the environment In this case, the frequency is adjusted by the microcontroller 108 

In a specmc example, f, {Foffset. UPDATE null) = Fpffset ■ Fcffset/23 * (16 H upd^nuVflaq eaual 
^e or zero .t update null flag equ. false)]. At block 694. Foffset Is checked Id see 'Itt ^U^Z l 
predetemijned ma»mum value of Foffset namely maxJ=offset. If this is not the case, then changlTin 
nuil,ng- are' not occumng at a rate «hich exceeds the maximum rate. Therefore, block ks is rSd At 
th,s blocK. r^nst >s ,et. equal to Fconsf + 1 and the process is returned at block sS l^Sls thul 
updsted ead, l,me that a no touch condition is detected and in which Fofisel is not grSer L 
ma.v...-oTTset In other words, rconst represents the duration of the time during which the -anel is un-^u-h^ 
and satisfactoriaily nulled between drive panel frequency adiustm»n*s ' 

vT- ^ ^ determination is made that Foffset is greater than max.roffset. In this cas- 

block 700 ,s reached and a eompaiison is made between the current rconst and the prior FconsW^' 
wnether tf.edurat.on of time which-nuinng adjustments were not made is greater al the pr»s1nt oiSno 
frequency tf,an at the prior operating frequency, if so. thfs indicates th.at any previous c^^g'etfr™^^ 
was .n the proper erection.- In this case; at block 702 OUDFconst is set eou^ to rconst In Lntlt i^"h^ 

reached. At block ,04. the flag .-mod .-s inverted to indicated that any previous change in frequency ^ in 
*e wrong erection and that the ne« change should be in a direction oopcslte to the prior chanS 
702 « then reached. From Wo=k 7q2. block 703 is reached. whe.-ein Fcons. a.-,d FoffL^ are I^Teau^o 
3ero. ,n add-on, at block 70S. the X. Y and Z offsets are reset equal to .ero. A." ^b^^To «,e 
!Z.s74T -^2. the subrl?;: 

-ne detamiined X and Y coordinates are utifeed by the user's computer 114 (rid) in any suitable 
manner, ror example, a touch at a particuier location may call a subroutine Also, as will b» re^a^r™ 

TOuch sens>ng surrace. These continuous deternnlnations may be used in comoutsr 114 tr for^,^! 
uace a p.cti,re on -fhe display terminal 1.4. 71.e procedures' set forth in the ngs. 9 thi-oug cTS 
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TABLE r 



s 


Slenien 


^. 


Component 




220 




32 kilohia resistor 




222, 


224 


10 kilohm resistors 


to 


226 
22S 




150 picofarad capacitor 
47 kilohm resistor 




230, 


232 


33 kiiohm resistors 




234 




22 kilohm resistor 


75 


236 




6,8 kilohm resistor 




238, 


240 


390 ohm resistors 




242 




6-8 kilohm resistor 


20 


244 
- 246 




22 ohm resistor 

1 microfarad capacitor 




248, 


252 


2.7 ohm resistors 


25 


254 
256 




1 microfarad capacitor 
22 ohm resistor 




330, 


332 


1 kilohm resistors 


JO 


334 




.10 kilohm resistor 


336, 
370' 


338, 340, 342 


4.7 kilohm resistors 
10 kilohm resistor 


35 


372 




150 picofarad capacitor 


376 
373 
330 




53 kilohm* resistor 
35,7 kilohm resistor 
110 kilohm resistor 


<0 


332 
334 
386 




35.7 kilohm resistor 
63-0 picofarad capacitor 
1 kilohm resistor 


-tfo 


452 

. 456 




1 kilohm resistor 
22 kilohm resistor 



Having .ilustrated. and described Ihs prindples of our invenlion with refersnce to several prei^red 
5» emboo.ments. it should be apparer^t to those persons Skilled in the at that such invention may motf^'d 
jn arrangement and detail without depamng from su=h principles. We claim as our invention aH 
moamcalons whch come within the tn/e spirtt and scppe of the following clain^s 
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Claims 



1. A touch panel device for determining the touch location at which a touch sensing surface of the 
device IS touched compnsing: • u4it;v,3 ui uic 

signal generator means for producing an altemating-curTant voltage output 

^T"^ ='g"^.2PP'y"3 means for applying panel scanning signals to the touch sensing 
surrace, the panel scanning signal ^plymg means having an input coupled to the signal generator output 
the pariel scanrang. signal applying means basing first and second pariel scanning oujuts compriS 
[TT '^fr'^'t attemat^ng-current voltage panel scanning signals which are driven byTe sigiS 
generator output and wnich are one hundred and eighty degrees out of phase from one another 

touch signal detection means having inpuU coupled to the first and second panel scanning outDuts and 
signal output the toucn signal detection means comprising means for producing Lah current 
Icanrlfng siSl^ output corresponding to the difference between the first and second pan^ 

switching means for selectively coupfing the first and second panel scanning outputs to the touch 
ensing sunace so as to selectively apply the first and second panel scanning signal to fr,e touch sen^ng 
sonace_and generate touch r.rrent signals at the touch signal output upon touching the touch sensing 

• -^^fl "Snal processing meaAs having a' frst input coupled to the touah sianal o'jtput for 
recemng the touch Oirrent signals the panel output signal prccessihg means compriJng me^s f^ 
aetermining the touch location from flie touch signals; and p a = =. lor 

signal procs^ng means incluoing nulRng circuit means for automatically nuinng fee 
touch currant signals when the touch sensing surface is untouched 

^ipL'ir'" '^^'^rf^'*^.'" ' i" which said nulling circuit means comanses mear.s for 
sete^vely coupling an erfartva capaciHve load to one of the first and second panel scanning o.^.^ and 
means Tor automatically varying the magnitude of the effective load to null the touch currant signa's wh=n 
the toucn sensing surface is untouched. ^ 

3. A touch panel device according to claim 1 in whir-H tho -anoi ~. 
■ 1 J , ' 1 111 niii^n ina uanei output signa procsssina means 

SaS is^ed:^^"^ "^"^"^ ^--'"'"^ ^- ^^ -ch^e.:^ 

the nuISng drcuit means- ha^ng input means and a nullirig' outnot couoled to one of the first and 
effective capapinve load to saiq one, of the first and second panel scanning cutDuts Si- nulii-- -^--^^ 
«!^tiv1ToSSd"'"" '"""■"""'^ " ^^-^'"3 -agnit^de'of the e^e^^v^ 

■ .the processor means also comprising meahs-for generaling-and defivering nuDing control siQn=is to the 
nulling con^l means, tor controlling the magnitude of the effective capacitive load ^upS to sa"d one of 

i^f^? is'unt^l^hS.' ""^"^ " " "^"^ ''^"^'^ --'"5 

• 4. A touch panel device according to claim 3 in which the processor means also comoris»s means for 

s^is^un:;""^ "-'"-^ ^ ^^-^^ -4 . 

5. A touch panel device according to claim 3 in which the nulling control means includes a null s^vrtch 

rswir=rir.T r"'™' '""^ r ^ ^^'^'"^ """'"^ ^'^-is from the processor mis tS 

null switch control means having an enable input means and switch control output means, the proc«^ssor 
means having an enable output coupled to the enable input means for con^oTng the t^Jer oT^ta 

swrtch control output means and ha.'ing an output which comprises the .iulling ou^ut. plural capa-tors 
coupled from ground potential to the null switch means, the nuil switch meL »mpS .^^"slor 
coupling selected capacitors to the nuHing o..;tput in response to nulling signals at the swteh^nro, W 

5. A touch panel device according to claim 5 in which the null switch control means comprises a latch 
registe^ '"^'""^ '° ''"^'^ ' '^'*=' "^"^^ "'^^^^ '^'^"'^ ^ 

counter^ ^""^ "^"'""'^ ^ "^^^ '^^^'^^ "-^P^s^ = 
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9. A touch panel device according to claim 3 in which the nuIHng control means includes multiplyino 
dig.^ to analog converter means wth a converter output, a first converter Input for receiving nufiinq simals 
from the processor means and a second converter input coupled to the signal generator means oLut 
capaciljve loading means coupled from the converter output to the nuffing output, whereby the effecSve 
capaasve loading on said one of the first and second panel scarining outputs is varied in response to th= 
nulling control signals. ==,'uiiaB to in_ 

•• " P^^' accorong to claim 3 in which the nulling control means includes multiplvina 

oigual .0 analog converter means with afirst comrerter Input for receiving nulling signals from the processor 
rneans Jie Signal generator means comprising quadrature oscillator means for producing first and second 
alternating-current voltage outputs «hich' are ninety degrees out' of phase from one aiolher the panel 
. scanning signal applying means having its input coupled to the first 6utput of the signal gener^r m=ans 
the multiplv-ing digital to analog converter means having a second eom-ertsr input coupled to the s=.-ond 
output of the signal generator means, a resistor coupled from the nulling output to the output of" the 
multiplying oigitsl to analog converter means, whereby the magnitude of the effective capacitive lead 
coupled to said one of the first and second panel scanning outputs is varied in response to the nulHno 
control signals so as to null the touch current signals when the touch sensing surface is untouched 

11. A touch panel device according to claim 1 in vri^ich the nulling circuit means comprisei means for 
adoing a nulling signal to the touch signal output for automatically nulling the touch current Signals v^hen th» 
touch sensing surface is untouched. = > 

12. A touch panel devica according to claim 1 in which the panel output signal procs-sina m^ans 
includes processor means ior computing the touch lockidns and for dsteimining when the touch s^nsino 
surracs is untouched; s-nauiy 

the nulling circuit means having a first input coupled to the toudi panel output and a nulling output 
coupled to Ji9 nrst input of the panel output signal processing means, the nuffing circuit msans inclutSng 
nulling control means responsive to nuffing control signals for modifi'ing the touch current signals to null th= 
touch cun-ent signals virhen the touch sensing surface is untouched; 

the processor means also comprising msans for generating and deHvering nulHng control sionals to the 
nulling control means for coniroliing the nulfing of the touiii current signals in response tQ-th- nuinna 
control signals. . k i« ui„ Mjumg 

_ J3 A touch pane! device according to clairn 12 in vmich the nulling control means includes multiplyino 
oigual to analog converter means with a converter input for receiving nulHng signals from the proc=^r 
means and a converter output, the' huliing- cireJif nieaffsT having first 6pe^fo-na ampilfier m'eins with' fi'i^ 
rnverii.ng and r.rst noninverting inputs and a firsfouipui a capacitor coupled mm the converter ouibut to th- 
Tirstjnverting input, a feedback resistor coupled from the output of the first operational amoDfier means t^ 
ne^Tirst inverting input, second operafronal amplifier means having- second inverting and noninverting inputs 
and a second- operational amplifier means" output; the second ihv-eftifitf rrifj-iif cbiriprrsihg the flr« inpirt of the 
nulling circuit means, a second feedback resistor coupled from the outout of the second operational 
amplifier means to the second inverting input, the first and second noninverting inputs being coupled to 
ground, the nuffing circuit means having a tfiird resistor coupled from the second operational amnlifi«r 
means output to the inverting input of the first operational amplifier means, whereby the nulling signal at the 
touch signal output varies in responsa to the nullirig control signals so as to autbmstically null the touch 
current signals when the touch sensing surface is untouched. 

U. A touch panel device according to clam 1 in which the switching means comorises means for 
selecuvely coupling one of said first and second panel scanning outputs to a first side of ttie touch s»nsino 
surrace and the other of said first and second panel scanning o'jtputs to a second side of the touch sensina 
surrace. the second side being located across the touch sensing surface in a first direction from the first 
side so as to estabnsh a voltage gradient across the touch sensing surface in the first direction from the 
first to the second sides and so as to provide a first touch cufrent signal at the touch signal output when the 
touch sensing surface is touched, the switchir^g means also comprisfes means for selecUvely and simulta- 
neously coupling one of the first and second- panel scanning outputs to the first and second sides of the 

ouch sensing surface to provide an impedance touch current signal at the touch signal outout wh^n the 
touch sensing surface is touched, and the panel output signal processing means comprises meaiis for 
u3.ermining >hs .ouch location along the first direction from the first touch cun-ent signal and the imp-dsve 
touch current signal; r^—^.i-s 

and the nulling circuit means comprising msans ior automatically, nulungthe first and impedance to'rh 
current signals when the touch sensing surface is untouched. 
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ado-ilg a ir/cLri^rSol^^^^^^^^ -Prises .sans for 

touch current signals whenL touch racJ?!^^^^^ "'""^ 
IS. A touch pane! device according to claim l in whirh iha ^-^^w 
5 selectively coupfing one of first and sLnd pZ^nZo ^l^T^l 7""" "^'""''"^ '"""^ 
, surface and the other of the first and second pTel sc3cu£f J , ^"^'"8 
surface, the second side being located eao^^e oSh senS iSL''nT«^''' °' ""^ '^"'^ ^""''"9 
side, so as to estabfish a voltage gradient across the teu^ «^- ? ^'^ fr*"" "^^t 

rst to the second sides and.s^es o de^^rsf to^^^^ T""^ 

touch sensing surface is touched. L Sino Itf "^"^ ''^nal output when the 

the first and second panel scLtgVuto^ t f«rsWe J^^^^^^^ 7'''!°' ^'^^^^'^ «"?""g °f 
fir^ and second panel scanning o2i?S a fouS ^1^', /hrf '"f ''"''"^ surface and the other of the 
located across the touch sen^ngtSc: fn Itc on^ l^^^t^Tl^^'T ^^'"^ 
voltage graolent across the touch sensing surface inThe seSd dSn! ^. "t'.? ^ '° ^ 
T5 and so as to provide a second touch current s cL t th^t I ^'^ '° 

surface is touched. *e switching rn^s a^Ji^n'gli'i'L T "'"^ ^^"^'"S 

of the first and second panel seining outouts ZZ7^X o^ TlT^"^ simultaneously coupling one 
the touch sensing surface to provided -Sa^^e toL^ "^en ^^^^^ ^ °' 

touch sensing surface is touched, the panel oubut si^ p^Slnl ' -""^^ 

determining the touch location along the first and second Scn'^s froT J fi:^ '"•'^^ 
second touch cunent signal and the impedance touch current 

the nulling circuit means comprising means for autorr.aficallv n'urBnn »h« .w ^ ^ 
second touch current signals and fiis impedance toucV^^P^ ^ *- 
intouched. •rrip.cance ^uch current signals wnen the touch sensing surface, is 

25 17. A touch panel device accorana to ^laim ii! in «, 

includes processor means for compunnV^e ^ch o^^^^^ ''^^^^ --^^ 

surface is untouched; 'o^tror^s and lor determining vmen the touch sensing 

the nuinng circuit means having input means and a nuiiing outDut ^o^-Dhd to of th. - ■ . 
^0 panel scanning outputs, ths nuliinn Hr.-^tnt m.... -^'-^ ^° ^^si and 



45 



50 



55 




capacitive lead; and 



the processor means also comorisino mesns -nr nona-^*- ' 

n^.tiir,^ -^.w.. ^p.,, ^„.,^,p • f ^ generating ana oeiivering nufiing ccn^Q] ^i-^ojs v, 

n«.ij..y ^^,.uOi .i^eans .0. controlfing the magnrtude of the off=^-*4v.a .^o^^^t .* "-'"y" -ts...as to n.e 
the nrst and second panei scanning output so L S a^om.^tT Wve bad coupled to said one of 
touch o^^rrent signals ^b^n ... ! ,JL ^.^^^^^^V the first second and imDeoance 

-A* A r Xt; . - ^'''^'.r^iJ^'vy. ts untouched. 

impi^el" ^::inf Sar;^^^^^^^^ — for offset«ng .e 

means to the one of the first end »cTnd J^eT^ll offset capacitor 

connected during generation of impedance tooTh o.^ 'Lr " ""'""^ 

impedance touch current signals ^ " "'^"^^ ^" o«set to the 

touch sensing surface is untouched auion^afically nulHng the touch cun-ent signals when the 

devic^s^SdCS" '"^ ^"^^ ^ '"^'^^ « •"-^ --'"9 -^ace of the 

a'temaiing^urrent votege output; 

be dr^nT. "^S" gTnror'^S te' SnS^ """"^ '° ''^^ ~ -'P"' - - ^ 
With f^rst and second se^nd^I ^0^";^^^^ ^ '^-"9 ^ -«n«^ary vending means 

coupling one of the seLda^ S i^io Jfifs ^^TS^^^ ""'"'"^ '"^"^ 
the secondary wincing outouts to 8 second s d» of h! t k """"^ ^nd the othe.r of 

located across the tou'ch sensing su^^" n sfd^l^o ntm f "?"f T""' '''' ^^'"^ 

across .o.h sensing su^ace ^^^SZ:::^^^:;;^^^^ ^^^^ 
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to provide a first touch current signal at the center tap when the toach sensing surface is touched th, 

STd' r«?e tou-h""'"'"' '^"P''"^ °' -V wincing oS^s to : 

•t ; '°"='\==^'n3 surface and the other of the seaandary winding outputs to a four* "^^0^ 
.he touch sens,ng. surface, ihe fourth side being located across the touch sensing surfa^ in a'sfc^nd 
OTecbon from t,-,e first side, so as to establish a voltage gradient across the touch senslnrs-^ifrihe 
second crecfton fron, tna third to the fourth' sides and so as to provide a second touch cu^LTS^I I H 
csnte _t p wnen the touch sensing surface is touched, fte switching means comprising means £ 
selectvely and amultaneously coupling one of the secondary winding cutouts to at leS S oT t^^fiAt 

irc"i?^ ^ 'T:"^: °* thetouch sehsing surface to provide ah impedance tou^ ou^^eJt Z^ll 
the center tap wnen the touch sensing surface is touched; ^ 

panel oirtput signal processing mesns having a first* input couoled to ths c-nter tan of thp v=>nef. 
.eans for receiving the f.rsf second and impedance to'uch ..rrent sj^^^^^^^ 
processmg means comprising means for determining the touch location ai hg the first aTd s-ond 
Directions from the touch cun^ent signals; and second 

fir^ TJnTt^'^'^f^''^^ procss^ng means including, nulling circuit means for automatically nulfing the 
T.rst, second and impedance touch current signals v.hen- the touch sensing surface is untouched 



55 



30 



0 261 770 



CURRENT 
DETECTOR 




CD/ 
.CO 



3 
u 




UJ 



o 

— CL 




CD 







CM 






to 




2 



IT 



o 



) do 



2 -i O 

o -J Q: 

I- ^ M 

D 2 ^ 
< 



C02 



Vo 



CO 

o 



-I 
o 
cr 
h- 
2: 
o 
o 



o 

CO 



CP 




05 
01 



0 251 770 





CVJ 







2— fkO-| 



o 
o 

CM 



OD CO 



.in 

CD 
CM 



C\J C\I 



O 



CD 



^iG 55 cn 



CD 



in 



^ o 



ID 



CO 5 



CD- 1 

^2 ^ ^ cn in 



o 

CD' 



CO 



S2 ^ cn in 



CM 



> 

10 • 



ir 



m Lo n 5^ CO 



ED 



0 2B1 770 



tttttftf 



osc. 

EN. 



130 


14 


13 IE 










■9 




8 


2 3 4-5 






FIG.3A 



0 261 770 



220. 

OSC.EN. 30 



190-^ 194 



^230 
232 

36 .,2v--vV^ 




-12v i-l2v 



234- 
210 




235' 



V" X'" '■'•12V 
^ITob ^314 

--^OSC. ^'t,, 
_ SYNCH. 



38 24p 



244 
^246 

248 
^213 

In 



252 



40 




-12v 
255 

340 S3 300 4a!siG 
32B-rt ^ T ) ^ 5?? 



7^ 


3 4 


Z 




3" 


I 


5 




10 


3 9 




^ 63 \^ 56 ^ 64" 



±^153 



505 




5v — V/.^ 
^375 



DIS 
£^95^ 
1 388 

^ 34-1354 



0 261 770 



424' 



50 430 



40^ I 



MULTIPLYING 
D/A 



■■n 



Tl 




430 



. Ji; — o 

:vsiG- 



zzijr 1 

154 



42S 50 

FIG. 4 



MICROCONTROLLER 



108 



433 



lOB 



424 ■ — V 



WICROCONTROLLER 



SHIFT REGISTER 
OR COUNTER 



I I 59^ 




40 1 
154 ZlL 

O ' a 



422 
592 



MULTIPLYING 
D/A 



103-^ 



-vJv 



431 



-J 50 



154 



SIG- 



FIG.6 



MICROCONTROLLER | pjQ 5 

33 



QUADRATURE 
OSCiLLAtdR 



0 35 



IG. 



70' 



PANEL 
SUPPLY 
AMPLrPIER 



40 



54. 




442 



438 
-VvV- 



434 
424--S 



0 ' !» 



MULTIPLYING 
■ D/A 




l*OSC. SYNCH. 



r; 



424 N 



MULTIPLYING 
D/A 



154 



MICROCONTROLLER 




MICOCONTROLLER 



FIG.8 



0 251 770 



^TARTjTad 



IN IT. 


FREQ. 


(FIG 


.10) 



X,Y = 0 
Z = FFh 



OUTPUT 

rx,Y,z] 



482 



484 



SET OLD 
[X,Y,Z]=[X.Y,Z] 



READ 
POSITION 
(FIGS. 13,14) 



48S 



438 



FIG. 9 



4S4 ■ 




49S 



OUTPUT 



505 



1 



OUTPUT OLD 
[X.YZJ 



DELAY 
(i.e. ONE'^SECOND) 



0 2S1 770 




0 251 770 




GAIN = 0 NULL= 0 
LAST NULL = FALSE 



554 



31T= 80h 



556 



NULL=NULL+BIT 



i) 



i 



558 



VALUE = 
MEASURE[X,Y,Z] 
(FIG. 12) 



0 



I 




G. II 



measure[x,y^] 

(FIG. 12) 



OFFSET [X,Y.Zl= 
MEASURED [X.Y.Z) 



568 
570 



(RETURfj 




DISCHARGE 
INTEGRATOR 



594 



595 



A/D0FFSET=D1GITIZED ^ 
INTEGRATOR OUTPUT 



593 



INTEGRATE 


FOR 


MAX. TIM El 






2 gain 





500 



VALUE = DIGITIZED 
INTEGRATOR 
OUTPUT 



602 



VALUE^ 
(VALUE-A/D OFFSET). 



604 



SET PANEL 
STATE TO ALL 
SWITCHES OFF 



503 




0 2G1 770- 



READ 
'POSITION 
(FROM 
FIG.9) 



610 



FIG. 15 



SET NUMBER- OF 
SAMPLES N=f, (GAIN) 




SHUT down; 

X=OLDX Y=OLDY 2 = 0 
LAST NULL = FALSE 



EZ MEASURE 
X,Y SX.EY 



X,Y = 0 Z = FFh 



Z=(2Z) 
GAlN = GAiNTl 



UPDATE 
OFFSETS 
. (FIG. 15) 



640 




536 




0 2S1 770 



FROM 
FIG. 13 
READ 
POSITION 
CONT. 



636 




1 ^540 




• EX- 






2X-Nf^°^''"*l] 




i ^542 














1 ^544' 


E-2 






Y 










T /^648 




2P= 






f^lGAIN, EZ) 




j ^550 




LAST NULL= 






FALSE 






Fof fset = 
f,(Foffset,UPDATENULL) 




710 
U 



....FREQ = 
FREQ.+Ffnod- 



712 



IG.I4 




552 



0 251 770 



UPDATE 
OFFSETS 
(FROM 
FIG. 13) /650 




Znull = Znull-l 



•^666 



Zoffset= 
f, IZoffset.OLDZ) 



UPDATE NULL= 
FALSE OLDZ=Z 



670r 



Znull = Znu 11-r 1 



Zoffsst=0 
UPDATE NULL=TRUE 




FIG. 15 



Ynull =Ynul!-f 1 










Yoffsst = 0 
UPDATE NULL=TRUE 



Europalsches Patentamt- 
European Patent Office 
Office eiiropeen des brevets 



© Publication number: 



0 261 770 

A2 



© EUROPEAN PATENT APPLICATION 

© Appfication number B730S374.7 © [^t. CI.-*- G06K 1 1/06 

@ Date of fifing: 17.07.S7 



® Priority: 25.0S.B6 US 900559 

© Date of publication of appfication: 
30.03.88 Bufletin BSn3 

© Designated Contracting Statss: 
DEFH GB NU 



© Applicant TEKTRONrx. INa 

Howard Vollum Park 14150 S.W. Karl Braun 
Drive P.O. Box 500 
Beaverton Oregon 97077{US) 

@ Inventor: Meadows, David R. 
10010 49th Court 
Portland Oregon S7219(US) 
Inventor: Kreln, Philip T. 
- 4555 N.W. Sallshan Drive 
Portland Oregon 97229(US) 
inventor: Murdock, Bruce 
16904 N.W. Somerset Drive 
Beaverton Oregon 97005(US) 

® Representative: Burke, Steven David et a I 
R.G.C. Jenkins & Co, 25 Caxton Street 
Uandon SW1H ORJ(GB) 



© Touch pane! with automatic compensation for variatior^s in touch signals. 

@ A touch panel has panel scanning signals selectively appfied to the four sides of a touch sensing surface of 
the panet^ as to.estabHsh alternating current voyage gradients in desired directions across thVouc^sX^^^ 
•surrace When tne panel .s touched, touch signals result and are '^iized by a touch location cirLT in 
determ,n,n^ the location of touch. Tne impedence touch current resulting from a user's touch may aTo 
de^^erm.ned and used. The touch panel circuit automatically compensates for any variations in tTuch sLnS 

circumstances to enhance the accuracy of touch location determination. 
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TOUCH PANEL WPTH AUTOMATIC NULLING 



Technical Field 

This invention relates to a touch panel device having a touch sensing surface and circuitry • for 
5 determining- ths location, which may in essence be any location, at which the touch sensing surface of the 
device is touched. In addition, the invention relates to automatically nulling signals v/hich are generated 
when the touch sensing surface is not being touched. 

The invention may be used with a wide variety of display o'evices of the type which display information 
• from which a user makes a selection.- One example is a lap held tablet in which a user selects and touches 
JO the device to, ior example, inolcate a response to a question. A further example is user selection of 
information items displayed on the screen of a display termina(, such as a cathode-ray tube (CRT) terminal, 
which is connected to a computerized information processing system. 

Cathode-ray tube display terminais are known which employ a touch panel with a set pattern of touch 
sections over a tenminal display screen, the terminal responds to touch at any section in the prescribed 
15 pattern and identifies the location of the touched section. Such a system typically employs a capacitive 
sensing technique, mat is» a controller continually transmits a scanning signal across the touch panel and 
samples the sections until a touch is detected. When one of the sections is touched by a - user, the 
capacitance of the user's body ;s added to the circuit The controller senses the resulting change in 
capacitance and identifies the touched section f rorn this change. 
20 One example of such a touch responsive terminal is manufactured by RG3 Dynamics of Salt Lake City. 
Utah. In the RG3 device, a touch sensitive surface comprises indium* tin oxide which is applied to a glass 
base plate. Tne coating is patterned in olscrete sections with conductors coupfing each section to an 
electrical detection circuit Such patterning limits the touch resolution to the size of the patterned sections. 
Also, touch detection is fimited by the particular pattern of sections employed. In addition, a complex wiring 
25 arrangement is required to make electrical contact with each of the patterned sections. Such complex 
connection schemes are more prone to failure* arid more. costly than simpler arrangements. 

Another known practice employs .a pattern of transparent mechanical switches over a display. 
Sierracin/lntrex Products of Sylm.ar, California markets Transflex (TM), brand switches of this type. More 
specifically, this particular type of devlc^ employs membTane sheets wRch are" pressed together at the 
30 touch of a user to make electrical contact When the films are pressed together at a location, current flows 
in a specific circuit and jdentifies the location. Another membrane type touch panel of this type is disclosed 
in U.S. Patent No. 4,484.038 of Dorman, et al. • . 

Also, as desci-ibed' in a proauct bulfetih, Dbrrfiah-Bodbno'ff Corp. of Aridover, Massachusetts has a prior 
art Series 1000 touch screen device which utilizes an unpatterned membrane switch type touch panel. The 
35 Series 1 000 touch panel devices have a controller v^hich senses a switch closure on a transparent touch 
screen by switching cun-ent between X and Y axes of the touch screen*. Current which has been passed 
through the various switches of the touch screen is converted to voltage and then from analog X/Y signals 
to digital X/Y position coordinates. In such a membrane switch type device, the membranes are subject to 
scratching. Also» the multiple layers- used in these devices tend to have a high reflectance, a relatively low 
-40 light transmission and a relatively low resolution. 

It is known to detect and to locate the touch on a touch panel by proviolng an array of optical sources 
and detectors about the periphery of the touch panel Alternatively, an array of ultrasonic generators and 
ultrasonic detectors are provided about the periphery of the panel. In each instance, the sources and 
detectors are connected with an electronic system that responds to and locates the disturbance which touch 
45 causes in'Uie signals deFivered froni the sources to the detectors. 

Another capacitive touch detection device is disclosed in U.S. Patent No. 4.47S.4S3 of Ng. et ai. This 
particular device utilizes an electrically conductive touch sensitive coated surface v/ith four elongated 
electrically conductive bar electrodes connected to the coating. One of these electrodes is provided along 
each side of the touch sensitive coating. As described in this patent, measurements are made of the 
50 change in electrical impedance which a capacitive touch introduces to a resistance-capacitance (R-C) circuit 
which includes the touch sensing surface. The impedance measurement examines the electrical time 
constant of the R-C circuit with the measurement being performed repeatedly from each end of each of t\vo 
intersecting linear axes. The resultant measures are combined to detennine the position of the touch. In one 
embodiment set forth in the Ng, et al. patent an aitemating current measuring signal is applied to an 
electrode and the voltage waveform generated in response to the applied signal is monitored at this 
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elecfrodo. Tne frequency of this measuring signal is varied until the monitored voltage waveform attains a 
selected condition^ rrom the measuring signal frequency which yields the selected condition, a determina- 
ton is made of the location of touch from the energized electrode. Irt another described embcdimen a 
d,rec current measuring signal having two successive selecfiyely-timed values is appned to an electrc^e 
7)19 ;ouch locabon relative to the energized electrode is determined from the voltage at the eSSe 
resuftng from the appfied direct current signals. That is. the first measuring signal charges ar,y capSSS 
cougled to the touch sens.ng coating, including the. capacitance due to touch, to a know, level Tne Sd 
signal then pa^tally Oischarges the capacitance through the resistance of the touch sensing coating The 
votege rerna.n,ng.on.fhe electrode following this partial dschargs identifies the location of touch from Z 
' eiii^ode. The c-rcurts descn-bed in the Ng. et al. patent have certain undesirable complexities, such laJ 
need> apply signals of vanring frequencies or direct current signals of two successively-timed values 

Still anottier touch panel device with a touch sensing surface is disclosed in U.S. Patert 4.353 552 of 
Pepper. Jr. In he Pepper device, a user touches the touch sensing surface with a finger, or other body 
poraon. or an electrically conductive stylus. Plural tem,inations (i.e. the four comers A.' B, C and D) of ml 
ouch sensing surface are simultaneously driven to the same instantaneous potential by an oscillator When 
. ttie sensing sunace is touched, currents flow through the driven terminations. The X and Y coordinates of 
toucn are dstemined from these aurents independently of the impedance of the user's- touch Tnis 
approach sufters trom inaccuracies in touch location detfermination and eliminates impedance infomiation 
wnich can be useftil m certain applications. In one embodiment Pepper also utiiizeVpressurrs^sIrr 
which. Tor exan,ple. sense pressure at, a touched- location in excess of a threshold. Uoon ^^^a 
determmation aisoete action can be controlled, such as the firing of a gun during playing of a video gam» 

Many of tnesa devces are extremely sensitive to noise, which can severely degrade the accurac/"of 
touch location detemiination. In addiiion. power requirements, circuit complexities and costs are higher than 
desirable in a numt»r of these prior touch panel devices. 

_ Therefore, a need exists for an unpattemed touch panel which over overcomes these and other 
□isaovantages of the pnor art 

Summary of the in\'8ntion 

_ A touch panel device according to the p.'esenf invention detects touch, such as a touch by a human 
linger, which occurs anywhere on a touch sertsitive surface of a touch- panel. Circuitry is pfdvided idr 
oe^emnimng the position of the touch on the touch sensing surface. Tne position or location of the touch is 

SSed ' ^'^ ""^ °' "^-'"s ===^«'y 

,»oJ^v fr""" signals or currents generated by selectively applying 

alternating current voltage panel scanning signals to the touch sensing surface. 

In one scanning method, these panel scanning signals are aoplied so as to "stablish an altsrr-Unn 
cuaenl voKage gradient in a first direction from a first side of the tou'ch sensing s^^ ^ a s^nS of 
the touch sensing surface. When scanned in this manner and the touch sensing surface is tSed by a 

^~nt !^ T T'"' "'^ ""^ a ^-^n-on alternating 

current voltage pa^el scanning, signal is then simultaneously applied to both the first and second sides of 

tV^^7 sensing surface an impedance touch current flows through the user and is detected. The 

touch location along the first erection is,.determined from the detected first and impedance touch cun^nte 

AJso an alternating current voltage scanning panel signal may be applied to the touch sensing surface so 

as to establish an alternating current voltage gradient in a second direction across the touch sensing 

surface from ftird to fourth sides of fhe surface. When the panel is touched, a second touch cuZ^ TZ 

y y r "^"T ^^^"^ ^^^^"""^ »° «^°*er and corlpond 

1^ T "^'f ^« '""^l^ l°<=3«on is then determined relative to this coordinate system frorn 
the first, second and impedance touch currents. Other suitable scanning metiiods may also bo used 

more specific feature of the present invention, a panel output signal processing circuit means is 
provided Tor processing the touch cu^nfs. This processing circuit means includes a processor M 
means for deterTnining the touch location from digitized representations of the touch currents. A nuinng 

4 time TXT T"' °* ''"^^ -"-9 cu^ 

ct times when tf,e touch sensing surface is untouched. 3y nulBng. it is meant that the first, second and 
impedance touch currents are driven to zero in the absence of a touch. 
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In one form, the nulling circuit couples an effective capacitive !oad to one of the first and second pane! 
scanning outputs, the magnitude of the capacitive locid being varied in response to nulling control signals 
from the processor circuit Specific examples include a latch, shift register or counter which control a null 
switch means in response to the nulling control signals so as to select and vary capacitors which are 
5 coupled to the first or second panel scanning outputs. This in effect adds a nulling current to the detected 
touch cun-ents. 

Another implementation includes a multiplying digital to analog converter circuit under the' control of the 
processor drcuit which is coupled to the source of panel scanning signals. A capacitor is coupled to one of 
the first and second pane! scanning outputs "and to the inverting input or to the output of.^aLn opa-ational 
;o amplifier having a feedback resistor. The output of the multipfying digital to analog converter circuit is 
coupled to the noninverting input of the operational amplifier so as to control and vary the effect of the 
capacitor. . 

In a still further implementation, a multiplying digital to -analog converter, under the control of the 
processor circuit receives signals which are ninety degrees out of phase from the panel scanning signals, 

75 The multiplying digital to analog converter couples such received signals via an operational amplifier 
resistor circuit to one of the first and second panel scanning outputs- Because the muitipiyirig digital to 
analog converter is receiving a quadrature signal relative to the panel scanning signals, a variable and 
controllable effective capacitive load is applied to the one of the first and second panel scanning outputs. 
In another form, the nulling circuit adds a nulling touch current to the signals generated from the touch 

ZD sensing surface during panel scanning.- A' specific embodiment utilizes a rhultipiying digital to analog 
converter, under the control of the procesisor drcuk, coupled to the noninverting input of ah operational 
amplifier. Tne operational amplifier has its inverting input coupled through a capacitor to one of the first and 
second panel scanning' outputs, has a feedback resistor, and has its output coupled to the signal processing 
portions of the touch location circuit The niultiplying digital to analog converter varies and controls the 

25 nulling touch current added to signals from the touch sensing surface. 

As still another aspect of nulFtng in accordance with the present im-ention, the processor circuit also 
generates offset nuliing signals for further nulling of the touch signals v/hen the touch sensing surface is 
untouched. 

As another opiignal feature of the invention, an impedance current offset capacitor is seisctively 
30 coupled to the panet scanning output 'other than the one coupled to the nulling circuit "during impedance >. 
touch current determination. ■ ^ 

Touch locations' caiT** also be determined "when touch is by an" electrically 'condiiciive stylus as welTas a 
user's finger. Also, accurate touch iocaiiori determination of touch by a gloved finger results when the glove 
is of an electrically conductive matarial, or, if not conductive, is sufnciently thin to allow measurable 
25 capacitive touch currents at the frequency of the panel scanning signals. Touching may also be by any 
other mechanism which permits* such touch 'currents. 'When mentioned' herein, touches by a gloved tiriger'oi^ 
by a stylus are to be understood as limited to "touches by a glove or stylus of the type which allows such 
touch cun-ents. 

It is accordingly one object of the invention to provide an improved' touch-responsive display device. 
40 Still another object of the present invention is to provide improved circuitry and methods for locating the 
position at which a touch sensing surface of a touch panel is touched. 

It is another object of the present invention to provide a touch panel device for locating touch on a 
touch sensing surface thereof with a relatively high degree of reliability and accuracy. 

A further object of the present invention is to provide a touch panel device for locating touch on a touch 
45 sensing surface thereof whether touch is by a user's finger or other body part, by a user who is wearing a 
glove, or by a stylus. 

Aribtner object of the present invention is to improve noise rejection, via improved touch signal nulling, 
so as to increase the variety of appfications in which the touch panel device may be used. 

Tnese and other objects, features and advantages of the present invention v/ill become apparent with 
50 reference to the following description and drawings. 
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Brief Dsscription of the Drswinos 

Rg. 1 is a block diagram of one embodiment of a touch panel device according to the presert 
Invention; 

Rg. 2 is a front elevational view of a touch panel in accordance with the present invention and aJso 
showing one iorm of switching circuitry for applying panel scanning signals a touch sensing surface of the 
panel; 

• Rg. 3 is an electrical circuit schematic diagram of a portion of the touch locating circuit ufilized in the 
embodiment of Rg. 1; 

; Rg. 4 is a block circuit diagram of an alternate form of automatic nulling circuit utilized in the touch' 
panel device of Rg. 1 ; 

Rg. 5 is a block circuit diagram of a further fomn of automatic nulling circuit; 

no. 8 is a block drcuit diagram of a still' further form of automatic nulling circuit; 

Rg. 7 is 2 block drcuit diagram of another fomn of auton^atic nulling circuit 

Rg, 8 is a block circuit diagram of still another form of automatic nulling circuit; 

Rg. 9 is a flow chart of an overall touch location determining sequence utilized by tiie microcontroller 
of Rg. 1 : 

Rg. 10 is a flow' chart of an initial panel scanning 'signal frequency determination sequence utilized 
by the microcontrotier of Rg. 1 ; 

Rg. 11 is a flow chart of an initial nulling sequence utilized by the microcontroller of Rg'. 1 during the 
initial panel scanning frequency dsterminaiiort of Rg. 9; 

^g. 12 is a flow chart of the tou=h signal or current measuring sequence utilized by the microcontrol- 
ler of rig. 1; 

Rgs. 13 and 14 are flow charts of the touch position determining sequence utilized by the 
microcontroller of Rg. 1 in determining touch location from the measured touch signals; 

Rg. 15 is a flow chart of a sequence utiiized by the microcontroller of Rg. 1 for adjusting the nulling 
of touch signals when the touch sensing surface is untouched; and 

Rg. 16 is a flow chart of a sequence utiiized by the microcontroller of Rg. 1 for changing the 
frequency of the panel scanning signals during operation of the touch panel device. 



Detailed Description of Preferred Embodiments 
Overall Description 

As shown in Rg. 1, a touch panel device in accordance with the invention has a display unit T2 v/ith a 
display screen 14. The illustrated display unit comprises a cathode-ray tube computer terminal and. 
accordingly, the display screen 14 comprises the face of the cathode-ray tijbe. An optically-transparent 
touch panel 16 is positioned to overlay tiie screen 14 so that the screen is visible tiirough the touch panel. 
By optically transparent, it is meant that it is posisible to perceive images on screen 14 through the touch 
panel 16. In other applications; the display unit 12 is ePiminated. For example, an infonnation containing 
sheet of paper, such as a question and answer sheet, may be positioned underneath the touch panel 16 
with the touch panel being utilized to enter data relating to the question and answer sheet. In certain 
applications, the touch panel 16 need not be transparent For example, the touch panel may sirriply be used 
as a data entry pad with tine location touched causing the entry of data into a computer or other device. 

The touch panel 16 has a base plate, which may be of glass or other optically ti-ansmtssive material, 
with an electrically-conductive coating IB over -its outer surface. The coating 18 may cover the entire 
display screen 14 when the touch panel is in place, or only that portion of the screen 14 which is used to 
display user-selectible items. 

As shown in general in Rg. 2, and described in greater detail below, the coating 18 comprises a touch 
sensitive or sensing surface with plural electrical contacts or electrodes, in this case twenty such contacts A 
through T. A first sat 22 of these contacts, that is contacts P through T. is positioned in a row at one side of 
the touch sensing surface 18. A second set 24 of contacts, contacts F through J, is positioned in a row at 
the opposite side of the touch sensing surface from the first set. That is, the first and second sets 22. 24 
are in rows spaced apart from one another in a first direction across the surface 18. A third set 28 of such 
contacts, contacts K through 0, is posftioned along the lower or third side of the surface 18. In addition, a 
fourth set of such contacts, contacts A through E, is positioned along the fourth or upper side of the surface. 
Thus, the third and fourth sets of contacts are spaced apart from one another in a second direction across 
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She touch panel surface. The contacts may comprise air dried silver contact paint spots, approximatelv 02 
inches square Respective leads are coupled to- the contacts to fadliiate convenient electric! connection to 
the contacts. To prov.de strain reliefs the portion of each of these leads aolacent to its associated contaS 
may be secured, as by epoxy. to the edge of the touch panel base plate. 

With this construction, the first and second sets 22, 24 of contacts are' at the opposite horizontally 
separated penpheral s.oe edges of e,e touch panel. The other sets 26.-28 of contacts are vertically so^ed 
apart at opposite peripheral side eUges of the touch panel. Although the contacts of each set do not 
necessarrty have to be in a Hne, when coRnear and when the first and second directions are normal to one 
another. J>e contacts define a reference coordinate system. Touch locaBons are detemiined relative to this 

^1 '""""^ touch panel is mounted and 

calibrirtei he contacts are at known locations relative to the fenminal screen 14. Tnerefore. by determlnino 
a touched location on the touch sensing surface 18, a corresponding determination is made of the location 
on the display terminal sc-een 14. It should be noted that the invention is not limited to this particular 
contacting scheme. Moreover, a greater or fewer number of contacts may be used along each side of the 
touch sensing surface. . ui 

Tne touch locating system niustrated in Hg. 2 Utiuzes the hvo pairs of opposed sets 22. 24 and 26 28 
in determining the touch location relative to the two directions across the touch sensing suriac- Only on- 
pair of opposed sets is used if single direction touch location detemiination is to bs mad"- Wis sets 22 
and 24 are used to determine touch location in the first or X direction. Also, sets 25 and 28 are' used to 
determine touch location in the second or Y tSrecfion. 

K'm further reference to Hgs. 1 and a a function generator or signal source 30 generates an 
alternating current voltage touch panel scanning signal at an output 3&. A panel driving ampiiiier 38 receives 
tie panel scanning signal, ampfmes this signal, and appfies the resultant signal on an output 40- to th» 
pnmary winding 42 of a touch panel driving transfomier 44. Tnis drives the secondary winding 46 of th= 
transforner and-estaonshes an alternating current voltage across the secondary winding between its signal 
plus (SIG+) output 4a and its signal minus (S1G-) output 50. A multiplexer or switctting circuit 52 applies 
he panel scanning signals from outputs 48 and 50 of the secondary winding to selected sets or rov^-s^th- 
touch panel contacts as explained below. In response to these scanning signals, panel outouf touch sianais 
or touch current signals are generated at fte center tap 54 of the transfonner 44 when the touch sensing 
surracejs touched These touch current signals are processed by. a panel outout signal processing nrcuft 
means so to provide an inalcEfion of the location of touch and other infomiEtlon.' 

In the niustrated panel output signal processing circuit 5S. the touch current signals from center tao 54 
a.'e tansmrtted along a line 50 to a touch current detector 52, such as a current sensing oner=ti«n=. 
ampimer. I ne output or ampniier 62 corresponds to the touch currents at the center tap 54. The amplifier 62 
output IS fed on an output line 54 through a filter 36 {ng. 3) and then to one innut 68 of an analog muMer 
?9. 1 ne signal generator 30 has an, afternating-cunrent voltage reference output which is coupl-d bi- a ^n- 
70 to a multiplier reference circuit 72. Multiplier reference voltage signals from the reference circuit are 
applied on a fine 74 to a reference input 78 of the analog multipfier. The reference output signals 
synchronize tne multiplication by multiplier 69 with the alternaBng cjrrent volUge signals aopCed to th= 
touch sensing surface 18. . . y^w^-j "j ui- 

The resulting multiplied touch current signals are transmitted along a line 78 to an amplifier and filler 
circuit 80. The outout of circuit 80 is fed on a Bne 82 through an integrator timing switch 84 arid to an 
integrator circuit 85.. wnlch integrates these signals. The integrator timing switch 84 is closed during 
integration time penods in response to integration timing ( inT ) signals generated as explained below 
and applied to an integrator timing input 88. When switah 84 doses,, signals defivered to integrator drcuit 

^re integrated therein. The integrator drcuit includes an integrating capacitor 90 in parallel with an 
amplmer 9Z In addition, an integrating capacitor discharge switch 94 is induded for selectively discharoino 
integrating capacitor 90 In response to discharge ( oTs ) signals on a line 96. These discharoe or 
integrator zero signals are generated as explained below. The integrated touch current signals are fed on a 
fine 98 to an analog to Digital converter drcuit 100 whid, digitizes these signals. Tliese digifized signals are 
transterred along data busses 10^ 104 to dafa inputs 106 of a miaocontroller 108. The microcontroller 
among other functions, computes the touch location and other desired intormation from the touch current 

SIQDatS. 

The microcontroller 108 interacts via bus 104, a biis 110, a parallel output lateh 112, and a bus 113 with 
a computer 114. Computer 114 is conneded by a line 116 to the display terminal ^^. For an examole of 
such interaction, computer 114 may cause selected intormation to be displayed on the screen 14 Aha 
computer 114 may change the displayed information, as dsiermined by softwarS, depending upon the 
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dra.it 120. This permits «,e touch pan'el trcoZ:^:,,TZTl^^''' tele«,ma,unica«ons interface 
dat= processing stafons. Typically. . serial outputTa^ is prrded «, 7""'°"' "'"^ ^^'"^'e 

. Control signals from the microcontrollerToa il m '^O. 

"nes 124. 123 to the rT,ultiplaxer 52. These co Si s gnS TllhJ 'T,'"'" ^°"9 
s.gn3ls to desired sets of contacts. Usr^cT S^^Z^-^J^f '' '^^^^^^ 

ri^rot^^3i»^^^^^ 

^0 Oecodor lio deU^S Z^^^^^tS ^ ^-"^O- Ocu. 130. 

««reto. generates signals which con^ol various fJncfio^s of tlJ i^s "^'=^°=°"t^o"sr and, in response 
130 generates the integration timing signals ( iSf Tfed S fee S T ^'''^P^- decoder 

84 closes so that integration commences when Touch loStS L™""!"^"""^ ^ese signals. s-.itch 
continues for the duration of the Tmt sianaF J detenT.,nat,ons are desired. Integration 

's capacitor discharge signals ( oTs ) on line 95 ^J''^^^'^'^^^ generates the Inteoration 
integration capacitor 90 is discharged prior to ea°h 9* to close so that 

synchronization input which receives synch oniz^^n S^T "^^ '"'='°==ntrcller has a 

output Of signal source 30. Consequently. inSgSn is sS onTz^ I '''''' 
signals to the touch sensing surface 18: The decoder ^r^tt^rf '"^ °' P^^' ^^^nning 

^^:rlo?r,h=mi™^ 

convp: n:^~uViTl^^^^^ - -^n .e analog to.oig., 

such pcssit^iKes.. microcontroL ,08 r.Sor^\ZZ^7,'^'' r^"' ^ """i-^' 

Wher, outside a desired range, microprocessor Tos aS I H '° ^"^^^^ °"t="t- ■ 

signal sent to decoder 130. m respons^the decoder °' '"^^^'^ '"'"''"g control 

tne integration time period, to bring'L^JogtSLf^J^^^^ ^ 3ignal.Lthus 

i tne use of the touch panel device ffnoer wideV va? o ^^dS^, T ' 

currents. For example, in situations in ^ioh V^"! T ' '^'^^y''^ ^^^^^^ 

individual touches the touch sensing suS^f w^TbLlVn ° '"""^ ^""'^'^ ^"^'"9 ^-^3 18 ^ - 

touches the toud, sensing surface a"love7Sng 'r °^ 

at^^thX^stfi'rs:^^^ 

nulling circuit 150 automaScially provides a suit^b e oS^ ^'nLn . ^ S^neral, 

any current signal at the center tap under no touch conoSn? """'^'-^ °^ "'^'^ 

ca.x;L\;re:^c^:^Sg^S^^^^^ - r '-^-^ - 

nulling circuit 150 responds to nullino slonals ftXmt ^' "'^ ^ ^^2 to the S1G+ output 4B Th« 

a bus 154 ,0 an input ^the autom S^ZC^^Z T^'' ^ ^^"^^^-'^ °" ^"^1^ S 
to me SIS * output 48 by the nulling S ?s v^ieJfnTl ?' * '^^^ «>"Pi^ 

nulling. Typically, an offset nulling cajaclt^ SsircouotedT^^'l^'^^' ""'""^ ^'^"^'^ *° *«^«by 
initial offset to the center tap toLHurrem signals in tJirl ' '=^""'"9 -"^^ ^0 to proviS 

automatic nulling circuit Consequently L ™tnl • f""" "^^''^^ provided by the 

SIG. panel scanning output the ll.i/ ff^^t^oSX Lt^M t*"' """"^'^ ""'""^ t° 
balanced. Another offset capacitor 158 Is seEv ' .ZT' ""^ are 
output 50. Switch 170 is closed in response t^TsTgL o^te^^r** '"^"P^^' --^"'"9 

touch current determinations. When both of the cLaSor isrand^er '"'r' '"""^ impedance 
Offset IS higher because higher current leakage typiSro^ul^.t T'"^ *° ^'^ '■"^^ 

« ^P'^^V o-="rs dunng impedance touch current detennina- 
The touch panel circuit 55 of ng. i also incliirioc =n . 
frequency of the panel scanning signals to levels wW=h'"= "' 5"^"^"^^ '^^^ shifting the 
spectra, such as cathod^ray tube horizonJi flyteck s an... T""""^ '"^ ^^^''"^"^V interteilnce 
oevice is us9d. In this description, the phrase "S. J <1 '" '^ environment in which the touch panel 
Signals and their ham>onics of the type typically generteTh?""^- refers to periodic 

>nis term encompasses signals which are fixed f?r " «m! ,nH T'^T"^ •^"^^ PS"^' device. 

tim. and :hen changed to another fixed value, such as 
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capable of aoTusling fte panel excitation frequency Sifn Jf^tJut n h P^^' ''^^'^ 

frequency interference spectra severely de^deMoS dS^-'T ^'^^ ^''^ 

5 such determination totally unreliable. ' ^"d. in some cases, makes 

In the t=ig. 1 form of the invention, tha siqnal oan^rator ■^n ^rr.r. ■ 
generator. This signal generctor has a frequenc^ «nS iS^ ,73 ' '"""^'^ ^'^"^^ ^'9"^' 

for producing alternating current voltage outpS^T^nes 3S yLfT' '° 
controllable in response to frequency control sTg^s at me ^^^^^^^ "^'^^ ^'^'^'"^ 

» microcontroBer 108, an automatic frequency conS Sc^ft ^78 oTn? ""?k '"""^ 
.de^vers such signais on a Hns 1^ .0 the tiuency Strd^S^ 

microcontroller 108 detemines that frequency adjustaent fe n^dlT J- Z ' '"^ specifically, at times 
delivered on bus 104 and a bus 1B2 to th^aul Jc ^re^cv^ ^f '^^^ ''^^^ ^« 

converter 134 responds lo signals from nne ISS^JeS 13olT. ^ ^'^''^ *° ^^'"g 

; from bus 182 to the automatic frequency control crcur^^o '''^"^^'^ ^S'''^^ 

nulling adiustments become too fr^uent the oS^.^na'^TmZlTT '"^ ^'"^ 

reduces the rate of nulBng adjustments The micro^oZLr T ^^'f^'^^^S irequency to a level whic', 
downwardly, of the frequency changT ^'-^^ predetermines the Q-irectior,, upwardly or 

- .rcult as we, as the touch 

l^.e touch currents are in e>:cess of a maximuTSa fhr^rh^n ^ detemiines that 
minimum integration time period. In th" J T '"'"S^"*'^ '"^^S^^^'na '°r ^ 

EH. output on a Hne 190. ^s caus^ a ^ teh isaT^ra Jl 0"^^ ^ °« ^ °SC. 

194 of source 30. When this happens, the signal g^n^rato^Tufo^f ^ J ' ^""^^^'"^ 
to the touch sensing surface 18 a,; ' imerS=d iCTriri"^ '° ^ 

Pangf Scannino Seouenc^ Touch Location D=Wmin=,«.„' 

explained in greater detail below, microc^ntro'lo' inA -v^-fr^i^ 4>, 
apply the transformer SIG . and tho Sid-output 4?Jo to sete^d "d ' 7 '° ^^P^^^^'^ 

Also, assume that an X-Y coordinate system hasSe^lnlZ «, > ''"""^ 

sensing surface. If a point P is touched me toUon oS n 1 I ^ '""^^ 

Shown in Hg. 2 (also someUmes indicate;! hereSTy^ * " X and Y ^s 

In a first mode of this first scanning sequenc the itP^,^.* cn ■ , 
and the SIG . output 48 is coupled to L ^Z coZTzltlnr " T '5 '° ^2 
28 are open circuited (although they oJlrSVt^" ''^°'^''^''°'"''^'^^^'i 
established in a first or X direction 4oss the tu^ slnlo surf^' T ^"'"'"'^ gradient is 

horizontaJ and comprises an X axis As exnlLnM '''^ ^iirection is 

.he resulting Hrst or^X touch ^n^:i.t^T,;t:i:^;„:Z'^'' ""'"^"^^ ' 



(a) = X 1^ 



vi^t'cic^ s:;t^^^^^^^ ^-'^--^^ - ^ .r. or x touch 

the .ansformer. In addiS Z. t S eL"^^^^^^^^^ virtual ground at the center tap" 

circuit and K« is a constant In addition Seo'anlfwz 7''" ' "ser touches the touch sensing 

ton, the quantly V/Z, corresponds to the impedance current that flows 
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upon touch by a user. Hnally, X is the X location of touch. 

In a second mode of this Hrst scanning sequence, the SIQ+ output 48'is coupled to at least one. and 
t>-p,cally s,multaneously to both, of the first and second sides 22. 24 of the touch sensing surface JKs 
.estabhshes a un.fomn alternating current voltage in the first direction. In this mode, any touch current at the 
center tap 54 corresponj^s to the iriipedance fouch current through a user. TOs irripedance touch cun-ent i, 
after multiplication and filtering, may be expressed ss follows: 



TO 



(b) iz = - K2 



Z 



t 



In other approaches to the impedance current scanning mode, one of the panel scanning outputs fi.e.. the 
SIG * output) .s coupled to one side only of the touch sensing surface, to t«o adjacent sides, or to aJI four 
Sides. 

The above two equations may be combined to provide the following equation for the X location of 

touch: 

(C) X = -^^ ^ • 



z 



1 0 oetermtne the quantity K .JK,. one touches the touch sensing surface at known X locations, ror examole 
at the four comers or at the far right and far left along the X-axis. By substituting the known X locations in 
25 tonnula (c) above and averaging the results, a value of K^, can be detemiined. Once KJK, is detemiined 
unknown X ouch locahons can be computed from the first and impedance touch current" signals using the 
above equations. uo .y uio 

Assunning two diirensional touch infor7r.afion is desired, the first scanning sequence includes a third 
mode. In the third mode the SIG + output 48 is coupled to top side 28 of the touch sensing surface and the 
50 SlG-output so IS coupled to the bottom side 28 of the touch sensing surface. Tnis establishes' an attemaSng 
current voltage graoient in the secorfd or Y direction across the touch sensing surface. Tne resulting second 
or Y touch current. after multiplication and filtering, is expressed by the follo-mng equation: 

(d) iy = Ky Y 

In the above equation. Y is the Y location of touch. In addition. is a constant which may be defemiined In 

^ Jne'^Lrrmf ^' J ' 'r ^"^ ^« proximately equal i 

one. TTier^afore there .s no need to determine these constants. Combining fomiulas (b) and (d) above 
results in the following expression of Y location:. o lo) aoove 

i K 

In this expression. is a constant which may be determined in the same manner as K^K, 
c„ ,0,,.^'",%'",*" above manner the X and Y coordinates of touched location P can be detennined from 
so touch currents generated by scanning the touch sensing surface in the three modes described above 3v 
repeating the scanning cycle a predetemnined number of times and combining or averaging the results" an 
accurate detemiination of touch positiori can be obtained. However, although less accurate touch location 
can be detemiined with sufficient precision in many applications without averaging. The switchina of the 
scanning signals between the various modes is accomplished by multiplexer 32 under the control of MO 
55 and Ml signals from the microcontroller 108. TTie location of touch on the touch panel 16 idenKfies to the 
computer 114, which informational item being displayed on the terminal 12 has been selected by the user 
I ne temimal 1 2 then responds in a known manner to this determination of user selection 
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(n addibon to determining touch location, additional information may be obtained from lha ™n«r-tP,< 
ouch currents. For example, the X and Y coominates may be computed ^^l^J^ fS^.^ Z'l 
impedance touch current also being- monitored. If X and Y donrt vjf buti v^es L "^h T 
the user is continuing to touch a particular location on the touch sen^;nlrfLr^; "J'"^'. ^ 
manner of touching this locafion.>or example, the user may be presla ^h'pr r ^^"^^^ 
touched location. This varies the area of the L'ch sens! ng sl^ ^^^V"Z^.':JJ^ 

Another scanning sequence which provides desirfed X and Y touch currents as well as imnori,nn»- 
touch currents, is as fpflows. This second sequence involvos scannino 'h«\r!,.h ,7 impedance 
modes instead of the three modes previously LcrJd.W^h To VSl tht ' k 
described with reference to a touch point P identiSed b/x/i Y, Jri v^'intr T"^ 
^ance in the X direction across the t^ch sensing s^S iJ^nl^ s^^TS ^ 0^^^^? 
Also X, ,s der^ied as the horizontal distance from the left side of the panel in Rg 2 to o^n^ ? whilTv iJ 

In the first mode of this second scanning ssquenca. the multiolex-r \^ o-^-;^™^ ^ , ^ 
output 48 to the right side of Ihe touch sens^g su:;ace ^^rj^ L'^TSe^^^^^^^^^ It 

side Of the touch sensing surface. This estabSshes an alternating current^otegfg.-Idient ™ 1 .n 
sensing surface in the X direcUon from right to left. Assume that the nulling St h's beln^iS^^^^ 
the touch curents to zero when the touch sensing surface is untouched aS^ 1™ th^i^w r « 



X,- V 



In addition, when in a second moos, the SIG+ output 45 is appOed to th- left sid- of th» fn„r.h • 
surface and the center tap 54 is coupled to the rignt side of the touch sensing s rfS ?nifal o eLbS 
an alternating- current voltage graffieht in thi X-driction. but trim" left to r^ Int^s «s' an<^°th th^ 
aoove assumpfons. a second touch c.jn-ent i^ is expressed by the following formula 



(g) = ^ 

X.1 + X2 Zt 



•When formulas (f) and (g) are added, the impedance touch current i= 



is given as follows: 



Finally^ «mbining f6m,ulas (f) and (h) results in the follo^ving expression for X,. the X-axis position of touch 



(i) Xi = ^xl. (Xl..^-_X2) 
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plus X, is known. Therefoi from the ai><Z^J^ZlleTy : ''"r""' '"'^ X.. 

P can be calculated Also, infomation is obtained wn^oZ Snt?' point 

The Y-axis position infomiation is deter^^ined In^f^Tn^^^ "^^^^""^^ «"^ent i,. 

scanning sequence, the SIG+ outp^ « ^Sd fo^h "LTvh'"'".".!' "^'^'"^ ^^"d 
center tap 54 Is coupled to the button, side 7the touch ' S^^^ ^^"^'"9 while the 

iy, is expressed as foHo-^s: "'"^"^ ' ^^^^IS^g th'^d toUch current 



70 



IS 



(j) iyi = K 



V 



2 + Yi 



sxpressed by the following equation: ^ "'^ '^^"'^ ^ touch current 



y 



W iy2 = Ky • 

^ ^2 + Yl z 



V 

t 



3y combing formulas fl) and the following expression for impedance touch current i ^ is obtained: 
Furthern,ore. when formulas Q and (I) are combined, an equation for Y, is obtained: 

Touch Pane] Stojcture 

previous, men«oned. the'touch pa^S tSSesT^ri^^^^^^^^^^^^ ^ As 



S5 



previously menfioned. the touch p^l SiH r^^^^^ ^'^"' V'^- "^^^ *° by a user. As 

conductive film. One suitable examole of sue* p "'^^'^ °" ' ""^^^ '^t" an electrically 

a sheet resisiivity of 200 ohmsTer si "In, i t^V"°'"'" «" 
Plates are commercially availab e'sLchTfror^ OptS c"^^^^^^ "^1" « ="2° "-""'"-'er^ Such 

T»e sheet resistivity of the film is n hfghYy crSJ wSh rll^- ^^"^^'"'^ 

higher, being suitable. Sheet resistivltlesllg ,2^^^^^ Per square, or 
res,stance switches and can result in retetive'ly Sl^TJZ^X 
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The base plate is not fimited to any particular shape. Thus, it may be circular, concave, spherical, 
curved or flat to fit the screen 14. in addition, the base plate may be opaque or optically transparent ajid of 
a variety of suitable materials. To reduce giare from reflected Rght from background sources, the base plate 
may be of a commerciany available anti-glare glass. This glass may also be flat or contoured to rr^atch the 
5 curvature of the display screen. One source of such base plates is Eagle Convex Glass Co. of Charlesburg 
West Virginia. 

As previously mentioned, the particular contacting scheme employed may be varied as exemplified by 
the approaches mentioned above. Of course, the specific multiplexer or sv^-itching circuit 52 win vary 
depending upon the contacting arrangement which is chosen. In general, any contacting arrangement may 
Tff be empfoyed which facilitates the estabFishment of a relatively uniform alternating current voltage gradient 
across the touch sensing surface in the desired directions. 

Touch Panel Excitation Circuit 

T3 

The details of the circuit utifeed for generating and applying alternating current voltage signals to the 
touch sensing surface 18 are shown in Rg. 3. 

More specifically, in the illustrated form, signal generator 30 typically comprises a conventional sine 
wave signal source, such as an integrated circuit XR 8033A source from Exar Company, connected in a 

20 conventional manner as shown in Fig. 3. Source 30 provides a sine v/ave output at pin 2, which is the 
output 36. Although not critical, the circuit is typically operated at a signal generator output frequency o^f 
from 15 kiiohertz to 300 kRohertz, with 200 kiiohartz bsing suitable. For reasons exoiained below, this 
frequency is automatically adjustable by the toudi processing circuit The signal source 30 also provides a 
square wave refererice signal at pin 9 (output 70). This reference signal is used to generate synchronisaSon 

2S signals at CSC. SYNCH, fine 140 and also by the multiplier reference circuit 72 to provide reference voltage 
signals for analog multiplier 69. 

Tne niustrated driver ampltner circuit 38 includes an operational amplifier 2l0 v/ith a clscrete push-pull 
follower circuit 212. The output of driver ampiifier 33 is coupled by line 40 through a one microfarad 
ceramic DC blocking capacitor 213 to the primary winolng 42 of transformer 44. Capacitor 213 prevents the 

30- t-ansformer 44 from being driven into saturation by DC cun-ents. Typically, the signal generator and driver 
ampDfier combination drives transformer 44 so as to provide an approximately 12 volt peak to peak voltage 
across the secondary windings 48. 50 of the transformer.- The same voltage appeare across piimary winolng 
42 because the specific transformer being used has a one-to-one primary to seconda,'^/ voltage ratio. 

in the prefen-ed form, transformer 44 has a toroidal core. Tnis transformer isolates cuaent used to drive 

35 the touch sensing surface 18 from the current generated by the signal generator 30. Cop.sequently. the only 
currents appearing at the center tap 54 ara touch currents. V^rth such a transformer driving ccniiguration; 
circuit complexifies associated with subtracting panel scanning signal currents from touch currents a^e 
eliminated. 

Suitable resistors and capacitors utittzed in the signal generator and driver amplifier circuits, and which 
have not been mentioned above, are set forth in T^ble 1 -at the end of this detailed description. 

Multiplexer 52 {Fig. 2) comprises a switching circuit for applying the panel scanning signals to the touch 
sensing surface. These panel scanning signals are applied so as to establish the alternating cun-ent voltage 
gradients in the desired directions across the touch sensing surface. With the illustrated touch contacting 
arrangement multiplexer 52 comprises six double-pole double-throw CMOS analog switches 268-270 

<5 together with a state decoder circuit 272. interconnected as shown. As a speciRc example, switches 250- 
270 may comprise G.E. Intersil IH 5045 switches. Also, state decoder 272 may comprise a conventional 
74LS02 NOR gate set The scanning signals at the SIG+ output 48 and the SIG-output 50 are delivered to 
scanning inputs of the multiplexer drcuit 52. In general, the switches are toggled to various states by state 
decoder 272 in response to control signals MO and Ml delivered to the decoder on control lines 124. 123 

£0 from the microcontroller 103 (Figs. 1 and 3).* The multiplexer input/output lines, designated generally as 274 
in ng. 3, are connected to the respective contacts A through T of the touch sensing surface 18 as shown. 

When logic zero MO and one Ml signals are respectively applied to control lines 124. 125 by the 
microcontroller, the S'/^Hching circuits assume a first or X touch current determination state. When in this 
first state, the contacts P-T of set 22 are electrically tied together and the contacts F-J of set 24 are 

5S electrically tied together. In addition, the contacts A-E and K-O'are open. Also, when in the first state. th» 
Sie+ output 48 is appfied to the contacts of the set 24. In addition, the SIG-output 50 is appfied to the 
contacts of the set 22. Under these conditions, an alternating current voltage gradient is established in the 
first or X direction across the touch sensing surface. 
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In addition, when the MO control signal dsHvered on control Una i5i ;c = 
Signal on control line 126 is a logic z-ro the muffilTpr t in J « V J ^ ~"»™' 

state. In this second state, contacte A-E of Vet 2s Z Z ' ,s °' ^ ^"^^ determination 

.he conta.. are «ed Seter 'J, I Si I^^U sT'r.^^^^^^^^^^^ 
opsn. Ur*r Oiesi conawons. » ilunilng euro,. oidiM i, ,mht*t>^l?^ and s™ 

result, any touch current which flows atT9 <^nbr'l 54 >!,l^^w ^ ^'"^ '^"""^ ^ ^ 

generateb when the touch seSrJ^ce isTtouc'Sd h T"^' '° '"'^^'^^'^ «^Tent 

switch Of the t,pe shown. a«Tes^ tou^" be'L'LfoS T-^'''^"^ 
Also, impedancs current can t,e determined in ma^ c'lseTv^S „nT "f ^ f""'" "^ ^^ ^^'"^ 
being driven. Of course, other contacts^aj ^In' mLed^ k° '"^ ^"""^ ^^^^^ 

un«<.. alternating current voltage. eld "^'"^ ^^"^-'-^ = 

the SeJ 2S0* :S7e'w ''^ ^'^"^^ ''^'^ W»>en 

surface is intenvpted. ShSng^o ttelff S/Ste'dl h''"'' ''""""^ *° "'^ ^-^'"9 

This protects the ?ou=h sehsinVsuLL^L^^.^e e^^^^^^^ rT."^ 

the switches are typically sv^tched off between shifting or^^e^efb^^esfx^T^^^^^ 

when the circuit is reset ■ . ^^wesn a,, t ana Z srates and also 

Tne following state table illustrates the above states. In this iabi- th- letta-s T a a poh . 
. .he oujuts Of state decoder ^^ ^ respectively to the top, t.ttor;.";^i^ ,an^iJls"o?touSS 



STATg- TABLS 

• Panel Side- 



•SO 


Ml 


R 


L- 


• T- 


• B 


■Left- 


• Right 


• Tbb - 


• Bob 


0 


0 


1 


0 


1 


0 


Off 


Sig-r 


Sig-r 


Off 


0 


1 


I 


1 


0 


0 


Sig 


Sig-f 


Off 


Off 


1 


0 


0 


0 


1 


1 


Off 


Off 


Sig-i- 


Sig 


1 


1 


0 


0 


0 


0 


Off 


Off 


Off 


Off 



torn • Statg- Name 
Third or (z) 
?irst or (X) 
Second or (Y) 
'Off 



In operation, ths microcontroller 103 reoeatedlv cvcles thA c:ranninr, «f * u 

and r ' '""^'^'^ •"^"""^""^ to Senerate the four touch currents i I i 

and as explained above in connection with equations (fHm) 

tages^^oS IroTrJ^^TLT^'/T '''^ "^""^ ^^'^^ "^'^ ^dvan- 

serising surfac S .Sf Fo ex^nlfT T.'-""^' """"^^ ^'^^'^"^ '^^^ ^""oh 

^ 5, Mi.y ue Lseo. ror example, tne sinusoica^ drive sional outout at 40 m=,v y^i^A ^ 

un,ty ga,n ,nver.ng arr,p,i«ar to the SIG^utput 50. Simultaneously, th'e outpJ^t 4ol7^t to Sg • 
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output 48. the differential currents ct the SIG + and SIG-outputs are then obtained by a differential cun-ent 
detector and processed to determine touch locations. Moreover, when the touch panel is untouched and 
when the nulling circuit 150 has been properly adjusted to the null, as explained below, the differential 
current is zero. 

s As an added protection feature, the touch panel application circuitry of Fig. 2 includes optional means 
for estabfishing a discharge path for discharging high voltages from the touch sensing circuit These 
voltages .may, for example, result from static electricity from a user of the device. In the iflustrated form, this 
means comprises four sets of clamping diodes, one set being numbered 230 in Fig. 2. Each set is 
electrically coupled to a respective side of the touch sensing surface. For example, set 280 is connected to 

70 the mid-contact C at the top of the panel. Sirhilarly, the other sets are connected to the mid-contact at the 
other sides of the pa^el. Set 280 includes a first diode 282 having its cathode connected- to the touch 
■ sensing surface and its anode connected to a negative 12-voIt DC supply used in the touch panel device. A 
second diode 284 has its anode connected to the touch sensing surface and its cathode connected to a 
positive 12-volt DC supply. ;Whenever the voltage at the top side of the panel exceeds 12 vofts, plus the 

15 biasing voltage of diode 284, diode 264 conducts and discharges this voltage. Similarly, whenever the 
voltage drops below a negative 12 volts and the biasing voltage of diode 282, this diode conducts to also 
discharge the paheL Consequently, the voltage at the touch sensing surface is effectively limited to a range 
of pius or minus 12 volts. A first zener diode '285 has its anode connected to the negative 12-volt supply 
and its cathode grounded. A second zener olode has its cathode connected to the positive 12-volt supply 

20 and its anode grounded. These zener diodes have a break-down voltage which is higher than the magnitude 
of the supply voltages, for example. tS volts. Consequently, any voltage discharged through diode set 280. 
as well as the other diode sets, in excess of what can be dissipated by the voltage sources, is diverted 
through the zener diodes to ground. In addition to high voltage protecSon, thesa clamping diodes and zener 
diodes <io not draw ex6ess cun-ent during normal touch location detection. Therefore, the accuracy of touch 

25 determinations is not affectad by leakage currents through this protection circuitry. 

With continued reference to Rg. 2. circuitry for coupling offset capacitor 168 to the SIG-output 50 
during third or 2 stage touch current detenminalion is showa More specifically, the MO and Ml outputs are 
coupled to switch 170 by a wired OR gate comprised of diodes 2S8. 290 and resistor 2S2. Sv/itch 170 is a 
conventional inverting switch which doses wheri iis control input, is zero. This happens when MO and Ml 

30 are both at logic zero and .the panel is in its third or Z impedance current determination stale. Tne 
functioning of offset capacitor 163 is explained below in connection with the description of the automatic 
huiirhg cit-cuit 150. 



25 Panel Output Signal Processino Circuit 

nsferring again to i=lg. 3, currant detector 52 may comprise a current-to-voltage converter operational 
ampnfier with its inverting input connected to the center tap 54 of the transformer 44. Tne noninverting input 
of amplifier 52 is grounded. A pair of input diodes are connected in parallel and in opposite directions 

<o across the inputs of curi-ent sensing amplifier 62. These diodes protect the amplifier from excessive 
currents and voltages. A 220 ohm feedback resistor 302 is connected behveen the output 64 and inverting 
input of amplifier 52. When connected in this rinanner. amplifier 62 provides an output 64 con-esponding to 
the cun-ents flowing to the transformer center tap 54, and thus to the first, second and impedance touch 
currents. These touch current signals are filtered by a filter circuit 56 and delivered to input 68 of the analog 

45 mullipfier. Filter 65 comprises a passive, high pass filter. This filter includes a 1000 picofarad DC blocking 
capacitor 304 and a 4,7 kilohm resistor 302 connected from analog multiplier input 58 to ground. The 
negative 12 volt supply is also connected through a 4.7 kilohm resistor 305 to the input 68. 

Analog multiplier 69 obtainis a /efarehce signal from the output 70 of signal source 30. Output 70 is a 
square wave output which is shifted in phase 90* from the sine wave output 35 used to drive the 

50 transformer 44. Output 70 is connected through a 4.7 kilohm resistor 310 to a node 311. which in turn is 
connected through a 10 kilohm resistor 312 to the positive 12 volt supply. Node 311 is also grounded 
through a 3.9 kiiohm resistor 314. This network divides the voltage at the square wave output to a level 
which is compatible v/ilh TTL logic. A diode 315 dips the negative half cycles of the square wave output 
SThis leaves the positive half cycles as the synchronization signals at OSC. SYNCH, output 140. Node 311 is 

55 coupled by a 1000 picofarad DC blocking capacitor and a pair of 10 kilohm resistors 320. 322 to the' input 
76 of the analog multipfier 63. A 150 picofarad filtering capacitor 324 is connected from the node between 
resistors 320. 322 and ground. Also, input 76 to the analog mulUplier is grounded through a one kilohm 
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resistor 328. These latter resistors and capacitors filter tlie cfipped square wave output to provide the 
reierence frequency signal for the analog multipfief. Analog multiplier 69 may comprise an MCI 498 analoa 
multiplier available from Motorola .Company. This circuit is connected as shown In Rg 3 and has 
conventional biasing resistors listed in Table 1. 

. s With the circuit nulled, as explained below, the transformer secondary center tap is at exactly -ero 
volts, in the absence of touch by user. This is tme even without the sensing circuit A touch by a user 
diverts some current to ground. ConsewaSon of charge, requires that this current also flow in the center tan 
wire 54. TTie resulting center tap current is composed of a signal at the panel drive frequency wo. and a 
substantial noise component X. Y and 2 touch data are represented by amplitude changes In the current 

70 signals. Since only the ampBtude. data is of interest a synchronous detector can be used to demodulate the 
ampiltude-moduiated touch current signals. Analog multiplier 69 is used for this synchronous detection 
resulting in enhanced- noise rejection and thereby more accurate touch location determinations To 
accomplish demodulation, the center tap current signal is multiplied by the cerrier signal derived from the 
output 70 of signal source 30. Mathematically, in the first or X determination state and assuming the tou-h 

TS presents a constant i.-npedancs to ground, 2,. the resulting, voltages are as follows: 



PANEL VOLTAGE xV„cosw„t 



CB^TTER TAP CURRENT 



4S 



xV cos(w t+s) 
■o- • ■ • ■ o— • ■ -i- Noise 



MULTIPLIER OLTTPUT 



COS «■ "_o + COS « ^" o^"^^.'^ ^ Nois° 

These expressions also include constants which are cancelled during signal processing. SimRar e)cpressions 
are obtaned during Y and Z touch current deterrninations. A.s long as the touch current phase shift 8 is not 
ninety degrees relative to the multiplier reference signal, cos fl is not equal to zero and the multipfier output 
provides usable data. Although touch current is typically capacttive, because the source 30 has a square 
wave output shifted ninety- degrees from the sine wave output, fl is close to aero' degrees and accurate 
information is obtained. Multipfier output amplilier and Alter circuit 80 comprise a low pass fitter which 
effectively eliminates the V,cos2w^ temi and much of the noise. The resulting signals correspond to I 
i>and li as set forth in equations a. b and d above. Touch location is then determined by ' processing thei" 
Signals. 

More specifically, output pin 9 of analog multiplier 69 is connected through a 47 kilohm resistor 346 to 
the.inverting input of an operational amplifier 34fi. Output pin 6 of analog multiplier 69 is connected thn5u"h 
another 47 kilohm resistor to the noninverling Input of the operational ampWer. This noninverting input's 
also coupled to ground through a 47 kilohm resistor 352. In addition, a 47 kilohm feedback resistor 354 is 
connected from the output of amplifier 34« to its inverting input Finally, 0.022 microfarad capacitors 353 
358 respectively couple pins 9 and 6 to ground. 
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25 



Because varies widely, signal levels st output 82 vary considerably. If i^, i y and i^from output 32 
were simply converted to digital data- and then divided pursuant to equations a. b and d above, accuracy 
would be low for small signals, because of round-off error. Instead, the signals are integrated to give the 
values txiy. tyiy, and t^i,. The integration Umes tx. ty. and t^are controlled by nriicrocontroller 103 to maximize 
the magnitude of the integrated values, within fimils, and to minimize enror. Since t^. ty, and tz are known by 
the microcontroller, differing integration times are factored out by the microcontroller during touch location 
determination. Integration also provides adoltional noise fiftering. 

Refen-ing again- to Rg. 3, the amplifier output 82 is fed through a 2.2 Wlohm resistor 360 to the 
integrator switch 84; Whenever a logic zero hold signal is appfied on lina 88 from decoder 130. under the 
control of microcontroller 108, the switch 84 closes. As a result the amplifier output 82 is coupled to tiie 
integrating capacitor 90. Tne ampfifier output 82. is integrated for an integration time period having a 
. duration which is determined by the duration of the hold signal. Integrating capacitor 90 comprises a 0.022 
microfarad capacitor connected from the inverting input of integrator ampfifier 92 to the ampiifier output 93. 
The noninveriing input of amplifier 92 is grounded through a 2,2 kflohm' resistor 352. The integrator di- 
scharge switch 94 is in parallel with the capacitor 90 with a 390 ohm discharge current Rmtting resistor 
connected between the integrator output 98 and the switch. In response to logic zero "d\S signals on 
line 96, from decoder 130 under the control of microcontroller 108. switch 94 closes to discharge capacitor 
90. Discharge takes place just prior to integration. The output 98 from integrator circuit 8S is a positive or 
negative analog voltage. This output corresponds to an integrated analog version of the touch currents 
generated at the center tap 54 of the transformer 44. 

The integrator output 98 is coupled through an operational ampfifier circuit 365 to'the data input pin 6 of 
the analog to digital converter 100. The circuit 356 shifts and attenuates the integrator output 98 in order to 
match the input range of the analog to digital converter. Circurt 335 also comprises another filtering' stage. A 
pair of zener diodes 388 is coupled from the node between a pair of resistors 380, 3S3 and ground. These 
diodes clamp the voltage at this riode to approximately plus or minus 5.8 volts and fimrt the ranae^ of 
voltages appfied to the operational amplifier circurt 353. 

Analog to algital converter 100 may comprise a National Semiconducter ADC1001 circurt. The sight 
output data fines of this circuit are connected by lines 102 and 104 to data input/output pins 32'through 39 
of microcontroller 10^ Analog to digital convsTier 100 has a cs input pin 1 connected by line 142 "to 
decoder- 130, an plo pin 2, a. WR- pin -3. and an IKn^ * pin 5. Under the control of 
nnicrocoritroilBr 103," as is known, these pins are controlled so that, upon completion oif an integration cyde 
and the resultant digitization of the integrated touch current- signal, the digifized current data is transferred" 
to the mlcrocontroner. The values of the resistors and capacitors coupled to the analog to- cigital converter 
1 00, arid also included in circuit 355 are listed in Table I. 

A two's complement approach may bs used in conjunction with the digrnzaiion of negative values from 
the. integrator. From the sign of the digitized- value, the quadrant of the touch location P is determined: For 
example, with an X-Y coordinate system having an origin at the center of the touch sensing surface 18, 
negative XJouch current values indicate touches to the left of the origin. Conversely, positive X touch 
current values indicate touches to the right of the origin. Similarly, negative Y touch current values indicate 
touches below the origin while positive Y touch cun-ent values indicate touches above the origin. 

The integration cycles are repeated, with the microcontroller shifting the multiplexer 52 (Rg. 2) through 
its respective states, to obtain successive digitized first, second and impedance toucJi current values. These 
values are then processed to indicate the location at which ihe panel is touched. 

• The illustrated microcontroller 108 comprises a programmable 8751 EPROM microcontroller from Intel 
Corporation; In addition, decoder 130 comprises a 74LS138 decoder/demultiplexer circuit. In addition, the 
telecommunications interface- 120 may comprise a National Semiconductor DS1439 Quad Una Receiver in 
combination with a DS1488 Quad Line Driver. In the depicted configuration, microcontroller pin 10 
comprises a serial input port, pin 9 comprises a reset input which, if at a logic 1 level, resets the touch 
detection circuit, and pin 13 comprises an external interojpt input Microcontroller output pin 6 is used for 
sending a request to send signal, pin 7 is a data transmission ready to send signal line, and pin ii 
comprises a serial output These pins are controlled in a conventional manner to enable microcontroller 108 
to send or receive data, via interface 120. over a telecommunications network. In addition, serial transmis- 
sion and reception of data is possible. Parafiel output latch 112 may comprise a 74LS377 octai-D flip-flop 
v/ith eight parallel data output pins and con-esponding Input pins. Microcontroller 108 controls latch 112 at 
pin 11. In addition, the enable input pin 1 of latch 112 is connected to an input/output pin 8 of the 
microcontroller. In response to enable signals from the microcontroller, parallel transmission of data from • 
latch 112 occurs. 
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Control switch 198 may comprise a manuafly operated switch having seven outputs connected to 
n,crocontDller ,nput p,ns 21-27. These ouputs are at logic 1 or logic 0 levels, depending upoTifsvLh 
of T" r ^'l"'"^ U detem^ine the mode or manner by which the exist^a 

of. a touch ,s detemitned. For example, if these pins are at respective logic 0 and 1 levels a M on 
mal<e. mod. ,s .nd.cated. In this mode, upon the iniB^ detecbon of a touc^ touch locaSon dla J iTsent 
^a latch 112 or ,n erface 120. If the logic levels are 1 and 0, a "touch on t^ak" mode is ind caTedTnSS 
case, upon reteas-ng of a touch locaflbn (i.e. by a user lifting his or her finger from the tS^sensTna 
surrace), touch locafion data is sent R,rtheanore. if me logic tevels of these o^I Se t." 0 a 
continuous mode" .s mdicated. in thfe mode, touch location data is continuously serrtTo that moven^ent" of 
a ser's finger across the touch sensing surface is monitored. In addition, the logic levels of pins Il^3 ,2 
de^mnne .hemer paraHel output .latch 112 or the serial output is to be used, an^d also t^e b^d rl tJf - 
telecommunicahons output (i.e. 1200 baud. 9600 baud, 19^00 baud). Tns logic levels of pinTg and 10 H 
in 2 t^rh^^'^VP^^'y ''.^^ '^ -"-'y- '09- l-e' of pin 8 determines whetheraris t«^ 
in an a-b,t b.nary form, or ,n some, other formaL Switch 198 can take virtually any form and may te ^mfr 
or smaller as needed to control designated parameters involved in signal proii^sing ^ 
thmnnh'^n"*! "-^Ponents, pins 18 and 19 of the mio^ocontroller are couoled 

mrough 33 p,cofarad capaators to ground. A quartz crystal is connected between these pins to prS S 
osc,ll„tor reference freque,,cy for the microconti^ner. In addition, the touch pa.el drcuit 55 has a number of 
0.1 microfarad power supply decoupling capacHors (e.g. one being numbered as 374) 

TTie operation of the microcomroller 108 to perfom, the integration and touch locaiion detemiina^ons 



Automatic Nulling Circuifry 



ss 



As another aspect of the present invention, the panel outaut signal processing circuit includes fhA 
nulling circuit 150 for nulFing the first second a.-,d impedance touch currant. 3y ^^9^^ is mean 
touch currents at center tap 54 are ehactively offset to zero at limes when the touch sensing surial "i?fs 
not being touchec'. Becausarof this ..uBing, touches of the type which generate relaWoTtourcu'rrl^ 

by underlying ambient current signals at the center tap which arise from sources othe^ *L Se lou-J 
Consequently, the touch"; panel device- can be used in a' wide variety of relativ-ely ^ eWonm^^ 
including. in conjunction with el^troluminiscant disolavs . ^ ^ ^ environments. 

to nSl ?he ?0 "f "° Bffact'added to the currents from Iransfc-mer cenfar tao 54 

to null the X Y and 2 touch currents under no touch conditions. The magnitude of the nulling touch currerS 
IS con-olled by the microconfronar 108 and- is automaBcally ao-justed as pfbVessi^^SffiST o^e 

.he nrst.and second panel scanning outputs 48. 50. The magnitude of this capacitive load Is varied ^r^ 

One specific embodiment of a nulfing circurt is shown in Ra in ^hj*^ r^c^ *u ir - . 
includes a nulling control device, such L a latch ^ J^^lso ] "^^^^^ 

receives nulling signals on bus 154 from datn pins 32-39 of the microconfro^r. OocSsiSl are S 

tTZT^^ ":1:°^°''' *° P"" '"'^ '^'^^ ^° ^ ^--^ble input to pin 1 oHa^^ 

390. from line 156 of decoder 130 and under control of the microcontroller, digitized numng control siaS 

c 11""^^ ^'ii"*^' '"""^ ^"'P"'^- ^ ^'^P'^'"^ in conneSon i^e flow 

Charts below this typically occurs when microcontroller determines that the touch senTna suSce L nrt 
Lnnltf r «f ^ °' '^f X- y Z touch currents are too high. Tlie o^21f ZTz^ Z 
connected as shown to the control pins 1. 3. 9 and 15 of a pair of switohing circuits' 392. 39? Bcemol^ 

and 14 of these swrtches are electncally interconnected and are also connected to one of the dphJi 
scanning outputs G.e. to SIG* output 48) by the Hne 152. Tne input pins of thesfitabL Ve «upK 
capacitors .n respective capacitor banks 393. 398. 77,e magnitude of the c^acitan™ Jto ^e LlG^ 

pins 2 7, 10 and 15 of swith 392 are grounded through respective 1. 2. 4 and 8 p7jl^.TZ^^^S>i 
40=. Similarly, p,ns 2. 7, 10 and 15 of switch 394 are grounded through rSspac^v Tl sT^nd 123 
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picofarad capacitors 408-414. With this arrangement of csDadiors fho . ^ • ■ . 

output by nulling circuit 150 can range, in one ^ot j^Sn^'i^ Z , "T'' 
switches 392. 394 and latci, 390 Jt. changed tr^pTnrn'ts^f , a' ™ Iflr'""'" " 
use of larger capacitor banlcs 396. 398 components of larger capacty to accommodate the 

th^ f *^^'™"9*e capaciiiJe load onihe SIG+ output that results in 

time as any of the touch currents generated from thftouch seSimlu^^^^ 
exceed a predsfermined null thresWd. When S tooens ih.Tr^^. f '° 
. touch current measu^mentwithin the threshoTd '^^""^^'^ '° "^^9 "'^t 

touch" s^re^r ^0 tnsnr^^^^^^ rt^^- r 

capacHor 414. at midrange of the capSor^^fis coupiL t^S '^^ ""'""9 

current under no touch conditions is then .65^3 and in e«i ofte dlv J? h^^^^^ ^ 

SLnXaSl^of^cS^^^^ -ume^'Jt 
pcsi«ve and in excess of t'he nu« threlt ^s imS ^ 

i'emTts'^olh? ""^'^^^ then c^n nt. 1^^^^ 

.3:St^2d:?r.3^-L?p^!^^^^^^^^ 
ST3i£-i^i?s-rrj-~ 

:r?a4n^-:rc,!cou;er^^^^ 

current determinations, are similarly adjusted to yield a center n„n « Inf ^ ? . ^"""^ 
«ed for a. three states. cuUoWs from^ 1 1^:^^^^:^ 

inclurS:ar;er«^^^^^^^^^^^ -»-o„er 103 

rrr -"'^ - .rin';:is:r o^r 

Nulling circuit 150 may be implemented in a variety of fom,s. For example, as shown in f=ia 6 latch 
?in.T '^f '''' f"'"' ^ °^ ^ ^^3i^«^ «2 f-aving outputs Lpted lo S 

■ ^^'i'T.!" '""^ "^^'^^ ""^ ^ ^ '"P"t coupled to microcontroller 108 and ! st obSt 

W^TJi-r J "^'l- T"" °' -'""controller. In response to strobe signals, the n Jl Sal d^ 

^^^^ 
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In another implsmentetion. multiplying digital analog converter circuits under the control of microcontrol- 
ler 108. are used to vary the capadiive load which is coupled to the touch sensing circuit In the Fiq 4 
embodiment a conventional multiplying- digital to analog converter circuit 424 has an input connected to the 
output 40 of the panel supply amplifier 38 (Figs. 1 end 3). The output of circuit 424 is connected to the 
noninverting input of an operational amplifier 426, which has a feedback resistor 428 between its output and 
inverting input Depending upon the type of operational amplifier 423 used, a nulling capacitor 430 is either 
(a) coupled from the inverting input of the* operational amplifier to the SiG-panel scanning output 50 (as 
shown in solid fines in Fig. 4); or (b) to the output of the operational amplifier (as shown in dashed lines in 
ng. 4). ng. 5 is similar to Rg, 4 in its use of a multiplying digital to analog converting drcuit 424 However 
m ng. 5 the output of circuit 424 is connected directly to a five hundred and fifty picof^ad nulling capacitor 
430. A thirty-three kiiohm resistor 431 decreases the full 'scale range of circuit 424. while a twenty-two 
picofarad capacitor 433 helps, prevent spurious oscillations in circuit 424. NulHng caoacitor 430 thus 
comprises- one fomi of capacitive loading means for the nulling drcuit Microcontroller 108 generates nuliinq 
control signals on lines 154. which are fed to the multiplying digital to analog converting circuit 424 In 
response to these signals, the capacitive loaa'ing effect of capacitor 430 on the SIG-output is varied The 
capacitive loading is varied as explained above to adjust the X. Y and Z touch currents to zero when Ih- 
panel is untouched. 

In the Rg. 7 embodiment signal source 30 comprises' a conventional Quadrature oscillator having a first 
output 36 connected to the panel supply amplifier 38. in this embodiment the multiplying digital to analoq 
converter circuit 424 obtains its input from an output 70 of the quadrature osdilator which is out of 
phase from the output 36. The rnultiplying digital to analog converter drcuit outout is connected through a 
resistor 432 to the SIG-panel scanning output 50. Because the panel scanning output 38 and the output 70 
are phase sn.fted, resistor 432 in effect behaves as a capacitive load on the SIG^utout The magnitude of 
this effective capacitive load is varied in response to nulling signals, delivered to drcuit 424 on fines 154 
from the microcontrolier 108. Tnis magnitude is adjusted to estabHsh a null condition for each of the touch 
currents. 

Fig. a discloses a nulling circuit implemsntaiion in which offset current is directly added to touch 
currents from center tap 54 at a locafian ahead of current detector 52. In this embodiment center tap 54 is 
connected to the inverting input of an opsrational ar^piifier 434. A laedback resistor 43S is 'T3nne--d 
oetween the output of amplifier 434 and .its inverting input. Tne outout of operafional ampniTor 434 "is 
connected through a resistor 438 to fta invertng input of another operational amplifier 440. Operstional 
ampuw 440 also has a feedback rEsistor-442. connected between this ou^-ut; which- caTesponas' to the 
input SO of the eunent detector, and to its inverting input. Tne noninverting inputs of each of the oorational 
ampuiiers 434, 440 are grounded. Moreover, fiie outpiut of multiplying digitkl to analog convertarcirait 424 
IS coupled through a capacitor 444 to the inverting input of operslional a-npliiier 440. A first input to the 
'"i'Jl!?Jyjng..djgial to analog converter circuit 424. is obtained from the outout- 40 of the panel- s-odIv 
amplifier 38. A second or control inpiit to circuit 424 comprises the nuiling signals from trie microcontrollor 
Multiplying cigital to analog converter circuit 424, when connected in this manner, adds a nuiling currentto 
the touch current signals obtained at the center tap 54. Ths magnitude of this nulling currarrt is aoiusted bv 
the multiplying digital to analog converter circuit 424. under ff» control of the microcontroller so as to nuM 
the touch currents when the panelis untouched. 

In each of the' above examples, automatic nulling of Ce touch cun-ent signals from the touch panel 
device IS accomplished. Moreover, this nuffing can be accomplished as the touch panel device op-ratos to 
null the touch currents on an ongoing basis. 

Auto .^reouencY Control 

With reference to Rgs. 1 and 3, the touch panel device includes a means for automatically shWino the 
frequency of the panel scanning signals away from frequency interference spectra In the environment in 
which the touch panel system is used. This effectively negates the effect of the interferenca frequency 
spectra on touch current determinations. One principal source of such intorference spectra is the horizontal 
flyback signals of cathode-ray tube displays. Ihe frequency of these flyback signals can vary from device 
to device and also can vary as a particular device is operated. By providing for automatic frequency shifting 
away from these interference frequency spectra, there is no need to soecifically design a variety of touch 
panel devices for the various expected interference frequency spectra That Is. the touch panel system of 
the invention automatically compensates for such variations and does not have to be customized to avoid 
intenarence frequency sprectra. 
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In the illustrated embodiment the signal source 30 comprises a variable frequency signal generator 
having an output (requency controll&d by frequency control signals at a 'frequency control input 175 (Fig. 1). 
Specifically, signal source 30 may 'comprise a voltage controlled oscillator which produces variable 
frequency outputs in response to signals froni automatic frequency control circuit 178. 

5 Microcontroller 103 determines from lha touch current data whether the drive frequency should be 
shifted. In one method, this determination is nnade by monitoring the rate at which adjustments in nulling of 
the touch cun-ent outputs is required. If thg rate of change of nulling exceeds a predetermined rate, the 
drive frequency is assumed to be at a level which is too" close to the frequency of interference signals. In 
this case, the microcontroller 108 controls automatic frequency control circuit 178 to adjust the output 

TO frequency of the panel scanning signal Obtained from the signal generator 30. Typically, initial frequency 
adjustments are relatively large. After an initial operating frequency has tDesn selected, updating of the 
operating frequency is typically accomplished in small increments. In addition, as explained in connection 
with the flow charts below, a mechanism is provided for predetermining the direction in which the frequency 
should be adjusted. • _ 

75 Referring- to Rg. 3, digitized frequency control signals are transmitted from outjDuts 32 through 39 of the 
microcontroller on busses 104 and 182 to the data input pins 4-11 of a digital to analog converter 184.. The 
digital to analog converter (DAC) forms a part of the automatic frequency. control circuit and may comprise 
an Analog Devices AD7524 DAC interconnected as shown in i=ig. 3. Filtering capacitors and biasing 
resistors utilized in- this circuit are listed in Table I. The WR input 13 of circuit 184 is coupled to the 

20 "WR output 13 of the microcontrolier. !n addriion, the c5 pin 12 of circuit 184 is connected by fine 133 
to the decoder 130. Under the control of microcontroller 108, whenever the cs and vJU inputs are 
both at a logic low level, digital to analog converter 184 responds to data bus incuts at pins 4-11. When the 
CS signal is at a high logic level, the data bus inputs are locked but In contrast when the \Jr input 
is high, the digital- to analog converter 184 holds the last data present at the data inputs when the "wr or 

^ cs signals assumed a high Ipgic state. The output at pin 1 of DAC circuit 184 is connected to the 
inverting input of an amplifier 460. Amplifier 460 has its output connected to the feedback pin 15 of DAC 
184. A one microfarad capacitor 452 interconnects pins 1 and IS of the DAC and the noninverting input of 
amplifier 460 is grounded. In addition, the output of this amplifier is connected through a 58 kiiohm resister 
464 to the noninverting input of another amplifier 465. Tne FM.bias pin 175a of signal source 30 is 

30 connected through a 47 kiiohm resistor to. the noninverting input of amplifier 453? Finally, the output of 
amplifier 436 is connected to the frequency sweep input 175b of source 30 and also through a 10 kiiohm 
feedback resistor 470 to its inverting input 'When configured asoescriSed' above, in response to frequency 
control signals from microccntrollsr 10S. the frequency of signal source outputs 35, 70 is variable over a 
range from about 130 kiiohertz to about 230 kiloheriz. this range can be increased or decreased as 

25 desired.. 

To protect the touch panel device fnDm- excessive currents, microcontroller 103 continuousiy monitors 
the digitized touch current signals. Typically, the impedance touch cument signal is specifically monitored 
for excessive current, although the other touch cun*ent signals may be monitored as well. If the impedance 
touch current signal exceeds a predetermined value, microcontroller 103 causes decoder 130 to send an 
<o DSC. £N. signal on line 190 to the control input of the source olsabling switch 192. Whan this happens, pin 
10 of signal source 30 is grounded and the output of the signal generator is shut off. Simultaneously, the 
panel scanning sequence is typically shifted to its off state. This opens the connections between the panel 
contacts and the touch detection circuitry. This also protects the touch processing circuitry from excessive 
touch cunents. 

45 The above described touch current system requires relatively little power p.e., typically less than three 
watts) for Its opsrafion. In addition, circuit boanj size, the number of components used, and costs are 
reduced. Also, typically the entire device is standard for a wide range of applications, although the offset 
capacrtors 158, 163 are sometimes varied to fit specific environments. Therefore, user adjustments are 
minimized. Also, multiplexer 52 can be used, without redesign, for coupfing from one to six pins to each 

50 side of the touch sensing surface. This adds further versatility to the touch panel device. 



Touch Cun'ent Processing 

55 The flow charts of Figs. 9-13 illustrate one sequence of operation of the touch panel system of Fig. i. 
Tnese flow charts include automatic nulling and autorna^c frequency control sequences, as well as 
sequences for processing the digitized touch currents into touch location data. 
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Rg. 9 Illustrates^ over-all approach. Commsncing at a start block 480, which may involve resettino 
the c,rcu,t an INIT FRcQ. block 432 is reached. Block 482 refers to a subroutine which seleci an 2 
touch panel operating frequency and which also calls an initial nulfing subroutine. At the next b to 4^ X 
and Y are set «,ua^ to zero. Also. Z is set equal to FFh. In this description. FFh indicates the number 'ji 
T .Tv ^ l".^"!"^- «>^«^P°"d to a no touch situation. Following this, t^e devi^ 

outputs X, Y ^d Z to -nd-cate that Ws initialization is complete. TT^ereafter, at a block 4S6 the oSxT^l 
2 values are stored A block 483 is then reached, at which new X. Y and 2 values are determin^ Bteck 
488 refers to subroubnes set forth in rigs. 13 and 14. 

th« n^ry^'^ilfl' T^'"^ """""^^ '^'°"9h loops 490. 492 and 494. These loops detennine whether 
a^9 new X, Y and 2 values are recognized when the touch p^B\ device is in a particular mode of operion 
More speafically. loop 430 includes a decision block 492 for checking whether the device is being 
■n the contmuous mods.- This depends on the setting of the control switch 198. as explained 
connecbon with Rg. 3. 11 yes. the touch panel device looks for any chances in the X Y or 2 val^^s 't a 
decision block 434. If there are no chcnges. processing continues to a block 498. If there are chance's at a 
block 496 the new X. Y and 2 values are transmitted from the touch panel deteciicn circu^ 
procedure then continues. v. ^.uiuy. in„ 

Loop 492, which follo,^^ loop 490. evduates the "touch on make" mode in cases where this mode is 
selected by control swrtch 198. TTiis mode involves outputtng new X. Y and 2 values at the first occurrence 
Of any change ,n these values. If the touch panel device is in the touch on make mode, a decision 
500 .s reached from block 493. If the prior 2 value was equal to FFh (no touch) and the new 2 value is S 
equal to FFh. tnen the panel has just bean touched. In this case, block 493 is reached and the new X Y 
and 2 values are transmitted. Processing then continues from block 495 or from the no branch of block 500 
in the event a new touch has not beeh detennlned. 

on htLw°''l'f ^ " ""^^^ ^^"^^^ is the -touch 

on break mode. Tbs .s detem»med by the setting of control switch 198. If so, the touch panel device looks 
for the first .nsta.nt that a user releases his or her touch from the touch sensing surface. At blo^k sS l 
determinaton ,s made as to whether the previous 2 corresponds to a no touch situation and w^ekr^e 

ri TyTh"? , ' ' '''' .^^"^■'"S ''^•'^ i"^ been releasedl^ Z 

stored X Y and 2 values are transmitted. These values cor^spond to the location at which a user's fmnlr 
or stylus was lifted off the toiich sensing surface. From block 506. as well as from a I brSh of bio' k 5« 
processing continues. ^ 
^ At block 308. a detemnination is made es to whether the signal source 30 h.as been tumed off by thT 
0 ; ^^T ^' ^" f'"*^"^ ^'^P'^' °' ^"S^^y '"^•s *a.n one second, is added at biock 

I luoh^nnt * ^"^-^ to Clear. Processing then continues after this delay 

Aia^ough not shown in rig. 9, the amount of continuous delay can be monitored. Also, the eritire process 
T^y.be stopped If the cumulative delay exceeds a predetermined time. If tlir were to occur 
Z^TJ ' f ^ "-^ble the signal generator 30 beyond the sat maximum time 

because of excessive touch currents. This indicates that the sj-stem needs to be checked 

512^ At block 514. the frequency ,s initially set to 7rn. TTiis is the initial frequency value sent to digitJto 
analog converter 184 for use in controlling the frequency of signal generator 30. fhis initUI val e sS 2 
haw way mrough the range of digital to anatog converter 184; At succeeding blocks 516. 518 and 520 
certain inibal coruJitions are set A variable. Fconst. is initially set equal to.zero and represents the numS 
of scanning eye es that have taken place wherein no touch was detected and for whichThe fre^uTnt 

JTt fr*»?.<" ^^^^^y changes. When Fmod is one. frequency adjustments are in an 

SSi th, y V "^"^V ? K ' ^ fe'low^i to initially 

null the X. Y and 2 touch currents to a rough null or zero level. This subroutine is described below n 
connection w*i Fig. 11. 

Thereafter, at decision block 524, a detemiination is made as to whether the X Y and 2 touch current 
values are sahsfactonly nulled. This is accomplished by comparing these values with a null threshold S 
answer IS no. this inoicates that the initial frequency is too close to an interference frequency spectmm. For 
example, the mit.al frequency may bo dose to a harmonic of the horizontal flyback frequency ofTcathoSt 
ray tube monitor with which the apparatus is being used. In this case, at block 525 the frequency is stepped 
by a large step, i.e., ten units. This is accomplished via the interaction of microcontroller 108 and^ 
automanc rrequency control circuit 184. An evaluation is then made at a decision block 528 as to whether 
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rp^p'^r'"'".*"' ^^.^ Y and Z touch current signals are within the threshold evaluated at block 524 In this 
case, a suoloop =32 .s reached. This subloop evaluates wheSier ths touch currents Irh^fh: 7 . ! 
c« have remained satisfactonTy constant tor a predete^'ned ZbeH ^clef "so^^^^ S 
opsra^ng frequency is set and remains sat until it is updated as explained below ^me z tou^ 

More spedfically, the yes branch from block 524 oasses to » hinr^i, c-a>^ ♦ - - ^ • 
samples is set ^though any number of samples .ay J/sTeSeJ te^ fa'su^L^^^^ 
the old impedance touch current value 2 is stored and, at block 338 the ne7 on^li!" , k I 
value is measured. Measurement of the touch currents s described in «,nn«.^ir'^^K ?fu 
block 540. the absolute value of the difference between^the pt Z and nTz s 
i.e- 1. If greater than the threshold, block 542 is reached and the dnVe te^nci ^c-e 
step. i.e. one increment. Processing then continues at block 52^ HoVjver If 111:^^1 ^ 
has remained constant v^ithin the tDle™,c8 of this threshold, bLir2T;ea^ hrhrr-S;"^^^ 
the count is deD-emenfed by one. At the next block 544 a d=fen-,i^lo f ^ 
samples have been checked ,f not. proceSg ^^^n^e; at S S^^^ °' 
any other touch currents being evaluated for copstanc^ 4 r^tlf !, ^ ^ 

predetermined number of samples. Tne 

established. At block 546. processing rebirns to block 584 (.=ig. 9). ^ ^ '^""^ ■ 

ine INFT. NUIX subroutine, accessed from ng. 10. commences at a blort c=n ;n -%. 

At block SBa, a determinaUon is made as to whether the value of ih« mo=,e...^^ v * u 
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touch conditions after the initial nulling Is complste -Thps*. , 

tions of whether to update the nuTOng; that is y^L^to ch^n?., ' used during subsecuent detemilna- 

:sr^r^ ^'^^ ^^^•^^sr^:^:^^ rS: 
' at rs^nr it r or to^^r ten r dt - r 

appropriate null state is set In other wordrthe p^^S? Js2nTl''-r'^^°"- ''"^'^ ^S^' 
« touch currerrt detemilnation. i.e, the X t6^^ ZZTll J^ ^ ^^^^ ^SO for the particular 

determined capacitors to the SIg/o^S bS «6 ^"^1^ ^ P^^^ 

the integrating capacitor 90 in prepSn for ^JS^n f m f'lV « ^ discharg; 

•determined. Specifically, analog to dgS ci^Li^^K"" ^ cff^^ls 

(midrange) when the integrating capaJoTis SaSd '^ IT^^ "'^"^ "^^^^ '^-^ 7Fh 

« for any such deviation. ^ stored and used to compensate 

At block 600. integration takes place 'for a akrinrt «f . • 

. (MAX.TIME) period olvided by two ^sed o f^e Swer of?« M I *° '"'«9^-«on 
zero. However, the gain is adjusted during thTreT^l!, f "^^ to 
general, to reduce roundoff error, ft is des5„e to K^efrT'? °' " ^^P'^"^"* 

20 touch currents which, when digitized, fall oSe L^f. ^i'" '"^^ P™^"" 

block 802, the value of the meLured tOuch^^fwhlTr ifhtv^^v ^"^^^^^ ^'^""^ ^ 

the digitised integrator output At block 604 Su^t !h' ^ " ^ « ^PuaJ to 

determined at biock'SSa Then, at bl6ck ' A t^fip^^slTs l^Z^ ? « 
. states. The above sequence is repeated for eS trn^ ^ ?f ^ *° ^^'^ "^''^^''^s in their off 

« completion of the touch current me«urrmenL Te oTo^«^'"* '''' ^ ^^^"^^'l- F°"owing 
process which accessed the measurement P"-^"" of 'he 

-o^^^^'^rS;':;^-^^ ---- ;3 .d K , 3 

corresponds to the gain setting of th- intearafor Mo^ll - ^ '""^ ^ain. wherein the gain 
setting is 0 or one; is equal to I .Z CS em^^T^T'' ^''"^ '""^ '° ^ when the Jain 
5; and is equai to ,S when me gan V^T eS Vor / " ^ "^^'^ ^^'^^ - ' or 

no,se rejecSon via averaging, while still manning a reLnaJs 4^.^"' 5' " ^""^"^ 

s also be used if desired. ^ reasonable response time. Other gain functions may 

^^J'}.:^?^!'.^^^- accumulators for sunifnina the diaiti-ed XL Y pn^ 7 . L 

cleared to zero. The?iiftir blotk 616 Is r^hed anS> I ^ "'sasarements are 

touch currents could be measured at fhis^X "^t ^« 7^ T^"' " "^''^^ ^^orV 

order to datennhe whether excessive Lc cuS exTst ""IZ T"'"''' ^ ^^^"^'^-^ 

0 adjusted. The measured 2 touch current irfsI,r!K ^ J ''^^ Sain setting should be 

than a predetem,ined rne^r.u^yZ ^^^yT^'^J ^'^^' ^ - B-at5 

if it is «ro. corresponding to the minlKtSn^r fl!o"'.;' ^ '° 

touch current exists because the shortest inteamnirm«TKi ' ^^'^ impedance 

s«l. greater than the maximum value! h t^s^e at ^ S;Te'?J"i' '""^^ '°""=^ ^""^-^ 

5 multiplexer switches are opened. In addition X a^d Y ^t c^ * , f ° -""^^ ^° '^"^ °« ^ the 
equal to zero to indicate a shut down coTditL aiI^! f *° and 2 is set 

subsequent updating of nulls. y^et^^T^^ l^^i^l^"}'' ^ equal io f.se for uset 

If rb,ocllr,r"1nr ="otiX''S''^^ ''^^ -^^'^^ 

> setting is tht sTe^^- tl^i^o Tbt^S 'pr^rthr t ^ ^ain 

again reached, if the yes branch is folSed the o^n semnn "^^X .61Z When block 618 is 

the impedance touch cu^nt is not S ftaS ? block ^^^-^-^^ « 

is made as to.whether the impedanL tou h c^rrenTf letliL Jt^'*^^ ' detemiinafion 

adjustment of the gain is rr.ade via a subroutine S TT^Ius^ ' TTZ "'""^ '"'"•2- 'f so. an 
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From block 632, frequency and null update subroultnes are reached at block 534. Following these 
subroutines, the processing returns as indicated at block 633. With this processing sequence, the update 
offset subroutines are not reached except during no touch conditions. Therefore, frequency and nulftng 
adjustments are not made while a touch is being detected. 

5 If at block S30 a determination is made that the gain is not at the maximum setting, block 638 is 
reached. At this point, the gain setting or integration time period is incremented by 1. In addition, rather 
than remeasuring Z at this paint. Z is simply set equal to (2Z). Tnen, at block 640. Z is checked to see 
whether it is less than the min.Z. If so, processing returns to block 630 as previously described. If not. the 
procedure returns to block 612 and the touch panel device is operated with a different gain setting. 

70 Assume that when block 62S is reached, a detemnination is made that the impedance touch current is 
not Jess than the mih.Z value. This means that Z is within the desired min.Z to max.Z range and a touch is 
indicated. At block 523, the impedance touch current msasurements are summed, and X and Y touch 
currents are measured and summed. At block B30, the number of samples is decremented. Following this, 
at block £32, a determination is- made as to whether all of the samples set at block 512 have been obtained! 

T5 If no. processing continues at block 516. If yes, processing proceeds via block 634 to block 635 (Fig. 14). 
At the following blocks 638, 540 and 542 the respective summations are adjusted to remove the effect of 
the^X Y and Z offsets that were initially determined at b[QCk 570 (rig. 11) or which have been updated as 
set forth in the Fig. 15 subroutine, mesa offsets are determined with the gain setting equal to zero. 
However. X, Y and Z measurements are not necessarily detemiined with the same gain setting. Therefore, 

20 during this adjustment the offsets are divided' by two to the gain power, in addition, the total offset is 
determined by multiplying the offset for an individual measurement by N. the total number of samples 
included within the summation. Tnus,* microcontroller 108 compensates for residual null offset cuments. At 
blocks 644 and 645; the X and Y positions of touch (Xp . Yp) are computed; In addition, Zp, the impedance 
value is set equal to a functiori*, f2, of the gain and the summation of 2. Specifically. f2 (gain, summation of 

25 Z) equals [(M2x.gain - g^n) ^ 16] + [summation Z/2^, This function is selected to denote the logarithm to 
the base 2 of the gain and for an indication of the value within the gain range. Tnersafter, at bto'ck 650, a 
last null flag is set equal to false and processing is returned at block 652. 

Referring to Fig. 15, the updating of null offsets and the pane! drive frequency will next be described, 
commenping at block 550 in Fig. 15. At block 652. an update null fiag is equal to false. In addition, the 

30 OLDZ value is set equal to Z. At block 554, the question is asked as to whether the previous scanning cycle 
was also a no touch situation. If yes, the respective Z. X and Y offsets are then checked in succession to 
see if any updating of the offsels is required. In other words', a no touch situatibn rfiust exist for a iulTcycje 
before any null updating takes place. 

During null updating, from block 554, a block 653 is reached. At this block, the Zoffset is set equal to a 

35 function, fi, of Zoffset and OLDZ. Namely. fi (Zoffset. OLDZ) = [Zoffset - Zoffset^^ + OLDZ^]. Other 
functions are suitable, but this particular function is selected to periorm fiiterin'g of the offset" valiJes. The 
Zoffset is then evaluated at block 668 to determine whether it is greater than the max-Zoffset. If yes, the 
automatic nuHing circuit needs to be aojusted to remove capacitance frorn the SIG + output This is done 
by decrementing the nulling signals by one step at block 670. From block 670, a block 672 is reached at 

^ which time the Zoffset is set equal to zero and the update null flag is set true. This fiag indicates that a 
nulling update has tieen performed. The subroutine then continues at location 574. 

Assume that at block 65S. Zoffset was determined not to be greater than max.ZoffseL In this case, 
block 675 is reached end a determination is made as to whether Zoffset is greater than a min-Zoffset If so 
the automatic nulling circuit has not coupled enough capacitance to th^ SIG + output Consequently, block 

<s 678 is' reached. At this block the nulling signal is incremented by one step to add in additional capacitance. 
From block 578, the steps indicated in block 672 are performed. If both, the no branches of blocks 5B8 and 
575 have been followed to point 674. this indicates that rio adjustment of the Zoffset is required. 

The Xoffset is evaluated in the same manner as the Zoffset Consequently, blocks corresponding to the 
previously discussed blocks are given the same number with the added letter a. Similarly, blocks in the 

so Yoffset evaluation and adjustment portion of ttie subroutine are designated with like numbers, but with the 
added letter b. Also, it should be noted thai fi (Xoffset OLDX) = iXoffset - Xoffset/25 + 01DX/Z% In 
adoltion. fi (Yoffset, OLDY) = [Yoffset - Yoffset/25 + OLDY/2-]. 

Following evaluation of the null offsets and any updating as required, the processing continues ai block 
530. At block 680, the X touch current is measured (see Rg. 12) and OLDX is set equal to X. Then, at block 

S5 662, the Y touch current is measured and OLDY is set equal to Y. Tne last null flag Is set equal to true at 
block 684. At block 685, the UPDATE FREQ. subroutine (ng. 15) is reached as explained below. Following ' 
the UPDATE FREQ. subroutine, processing is returned at block 583. 
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TTie Fig. 16 subroutine determines whether adjustments, in the panel drive freauency are needed TTiis 
subroutine sterts at_block 690 and goes to a block 692. Al block 692. Foffset is set equal to a tuncH'on.' f,. of 
Foffset and UPDAiE null. iTiis function is used to evaluate the rate at which the automatic nullino circuit 
adjusts the ^acitive load coupled to the SIQ + output If the rate of nuinng adjusbnents becomes too 
high, this indicates that the touch panel may be driven at a frequency which is too close to fixed frequency 
interrerence spectra in the envrironment In this case, the frequency is adjusted by the mio-ocontroller 108 

In a specific example, f, (Foffset. UPDATE null) = [Foffset - Foffset/23 + (IB If update null flao eaual 
true or zero if update null flag equal false)]. At block 694. Foffset is checked to see if it is grkaer than a 
predetemnined maximum value of Foffset. namely maxPoffset. If this is not the case then changes in 
nulling are not occurring at a rate which exceeds the maximum rate. Therefore, block 69B is reached At 
this block, pconst is set. equal to Fcorisf + 1 and the process is retumed at block 59a Fconst is thus 
updated each time that a no touch condition is detected and in whioi Foffset is not greater than 
mav.roffset. In other words. Fconst represents the duration of the time during which the panel is untouched 
and sa.is.actonally nulled between drive panel frequency adiustments. 

Assume at block 694 a detarminaSon is made that Foffset is greater than max.roffset. In this case 
block 700 IS reached and a comparison is made between the current Fconst and the prior FconsL That is 
whether the duration of time which nulBng adjustments were not made is greater al the present operatino' 
frequency than at the prior operating frequency. If so. this indicates that any previous change in frequency 
was m the proper direction.: In this case; at block 702 OLDFconst is set eaual to Fconst. In contrast, if the 
present dnve frequency resulted, in more frequent nulling than the prior drive freauency, block 7D4 is 
reached. At block 704. tiie flag Fmod is inverted to indicated that any previous change in frequency was in 
aw wrong oireetion and ttiat the next change should be in a direction opposite to the prior change 3lock 
702 IS then reached. From block.7q2, btock 708 is reached, wherein Fconst and Foffset are reset eaual to 
zero, in addition, at block 708, the X. Y and 2 offsets are reset equai to zero. Also, at block 710 the 
r^msTo FiVi?'*^'' ^8P- ^reafter, at block 712. the sufaro^ne 

Ths detemiined X and Y coordinates' are utilized by the user's computer 114 (Fia.1) in any suitable 
manner, ror example, a touch at a particular location may call a subroutine. Also, as willbe readily aoDarant 
from the above description, touch locations may be continuously determined as a linger is sHd acrosTthe 
touch sensing surface. These continuous detemfinaSions may ' be used in comouter 114 t<?r for example 
trace a picture on the display terminal 14. Tne procedure^ sat for* in the 'Hgs. 9 through 16 flow chartJ 
may also be used with other scanning sequences.- Rnally, the invenfion is not nmited to the" aB4ve 
processing procedures. 
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TA3L5 r 

5 Slement CoTn-ponent 

220 82 kilohm resistor 

222, 224 10 kilohm resistors 

226 150 picofarad capacitor 

228 47 kilohm resistor 

230, 232 33 kilohm resistors 

234 22 kilohm resistor 

236 6.B kilohm resistor 

238, 240 390 ohm resistors 

242 6-8 kilohm resistor 

24'4 22 ohm resistor 

' 246 1 microfarad capacitor ' 

248, 252 2.7 ohm resistors 

25 254 1 microfarad capacitor 

256 22 ohm resistor 

330, 332 1 kilohm resistors 

.10 kilohm resistor 

336', 338', 340,^342 4.7 kilohm resistors 

^70 10 kilohm resistor 

^"^2 150 picofarad capacitor 

3*76 59 kilohm resistor 

^"^^ 35.7 kilohm resistor 

110 kilohm resistor 

^ 252 35.7 kilohm resistor 

680 picofarad capacitor 
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45 



334 

1 kilohm resistor 
^52 1 kilohm resistor 

22 kilohm resistor 



Having .liustrated- and described the principles of our invention with reference to several preferred 
50 emboQ.ments. .t should be apparent to those persons .killed in the art that such invention rr^afbo « 
.n arrangerrient and detail without departing from such principles. We clain. as our indention Til uc! 
moomcafons wh)ch come within the true spirit and scope of the following claims 
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Claims 
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1. A touch panel device for determining the touch location at which a touch sensing surface of the 
device is touched comprising: 

signal generator means for producing an altemating-cunent voltage output 

panel scanning signal applying means for applying panel scanning signals to the touch sensing 
surface, the panel scanning signal applying means having an input coupled to the signal generator output 
the panel scanning- signal applying means having first and second panel scanning outpiits comprising 
respectve first and second altemating-cunrent voltage panel scanning signals which are driven by the signal 
generator output and which are one hundred and eighty degrees out of phase from one another 

touch signal detection means Having inputs coupled to the first and second panel scanning outputs and 
a touch signal output the touch signal detection means comprising means for producing touch current 
signals at the touch signal output corresponding to the difference between the first and second pane! 
scanning signals; 

switching means for selectively coupling the first and second panel scanning outputs to the touch 
sensing surface so as to selectively apply the first aid second panel scanning signals to the touch sensing 
sunace and generate touch current signals at the touch signal output upon touching the touch sensing 
surface; . . ' ^ 

panel output signal processing meaAs ha%'ing a' first input coupied to the touch signal output for 
receivmg-the touch current signals, the panel output signal processing means comprising means for 
determining the touch location from the touch signals: arid 

the panel output signal processing means including nulling circuit means for automaticaliy nuinng the 
touch current signals when the touch sensing surface is untouched. 

2. A touch panel device according to claim 1 in which said nulfing circuit means comprises means for 
selectively coupling an effective capacitive.icad to one of the first and second panel scanning cutouts and 
means for automatically varying the magnitude of the effective bad to null the touch currant signals when 
the touch sensing surface is untouched. 

3. A touch panel device according to claim 1 in which the panel output signal processing means 
includes processor means for computing the touch locations and for determining when the touch sensino 
surface is untouched: * 

the nulling circuit means having input means and a nuiiirig" output coupled to one of the first and 
second panel, scanning outputs, the nulling circuit means inciuding nuifing control means for coupling an 
effecuve capapifve load to said one. of the first and second panel scanning cutsuts. the nulling control 
means comprising means responsive to nuIRng control signals for varying the magnitude of the effecrive 
capacitrve load; and 

.the processor means also comprising means. for generating. and delivering nulling control signals to the 
nulling control means for controlling the magnitude of the effective caoacith^e load coupled to said one of 
the first and second panel scanning output so as to null the touch current signals when the touch sensing 
surface is untouched. ^ 

4. A touch panel device according to claim 3 in which the processor means also comorises means for 
generating offset nulling signals for further nulling of the touch current signals when the touch sensing 
surface is untouched ^ • 

5. A touch panel device according to claim 3 in which the nulling control means includes a null s^vitch 
control means with switch control input means for receiving nulfing signals from the processor means the 
null switch control means having an enable input means and switch control output means, the proce'ssor 
means having an enable output coupled to the enable input means for controinng the transfer of nulling 
signals at the switch control means to the switch control output means, null switch means coupied to the 
switch control output means and having an output which comprises the Hulling output, plural capacitors 
coup ed from ground potential to tiie null switch means, the null switch meens comprising means for 
coupling selected capacitors to the nulfing output in response to nulRng signals at the switch control output 
means. 



S. A touch panal device according to claim 5 In which the null switch control means comprises a latch 

7. A touch panal device according to claim 5 in which tha null switch control means comprises a shift 

register. 

8. ' A touch panel device accoroing to claim 5 in which the null switch control means comprises a 
counter. k = 
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9. A touch panel device according to claim 3 in which the nuinng control means mrl,.H». rr..u- , ■ 
o,g>taI to analog converter means vrith a converter output a first converter in^ ^"ns mcludes mult.ply.ng 
from the pnxsssor means and a second converter £t c^S^ t T^^^^^^^ 
capacjWe loading means coupled from the converter SutputTo the nuinngTutT vhKb;^^^ 

rilnHlf'to*,!!"!' "'"''^ »o claim 3 In which ths nulling control nieans includes multiolvina 

oigrtal to analog converter means with a first converter Input for receiving nulDng sionals f^om th™ ^ ^ 

the nulling arcuit means having a first input couoled to the touch nan^^I nMtn..t pnH . « n- 

s^^s=nsS=trss^^^ 

=rrnrgl;rm^^^^^^^^^^^^ 

rneans output to the inverting input of the f..^ operatiinal ampliLr'Je°^s w;^;;Se n^^^^^^^^^ 

touch signal output var.es in response to the nullirig control signals so as to autStoKu' E IJh 

current signals when the touch sensing surface is untouched ajwmaticany null the touch 

.aJr^' ^ ^«o™"'"9 to claim 1 in which the switching means comprises means w 

ou= rS "5" r^'f ^ '^^ ^=9-' « ^''^ Ich Sg rout Tho^ 

touch sensmg surface .s touched, and the panel output signal processing means comprises means for 



and the nulling circuit means comprising msans for automatically, nulling the first and imosdance tou^h 
current signals when the touch sensing surface is untouched. • si ana .mpscance touch 
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15. A touch panel device according to daim 13 in whi<-h th^ «..ir • . 

adding a nulling current signal to the Lch ZaI om^t ""^^ "^^^ '"^ 

touch current signals whenL touch. sens^g sScStL^^^^^^^^ ""'""^ '"^^'^'^ 

16. A touch panel device according to claim 1 in whirh ih^ ^-Arsw 

selectively coupnng one of first and siond J^^^ o^T?,:7ZTrr 
. surface and the other of the first and second panel scannino ouZhI, , ^"^"^ 
surface, the second side being located acro«Te o^* sLl„^ ? '^"""c ''^ °' ^ '^"^'"9 
side, so as to estabHsh a voltle gradent a?oss the t?u,d, «n^- ? ^ 
first to the second sides and.sras o praeTfirst tou hl^,^^^^^ T"^ 
' touch sensing surface is touched Se Sine mlf. ^^"^ ^^"^ ""^"^ *9 

the first and second panel s^Sg outSt a thTs deX^^^ "!f=^^'^ °- °^ 

first and second panel scanning oiute^ a fouS si^^ thTfo .T '"^ 'f^ '^'^ °' 

located across the touch sen^ng^^ce fn at^'S Tom "^'"^ 

voltage gradient across the touch sensing surtJ i^,h« TJZTa Z ^ '° ^ '° ^^"^h ^ 
and so as to provide a second ^u^TLZT^^ J^^^^ ^'d- 
surface is touched, the switching means' c^n il^"l ! "^"^ the touch sensing 

Of the first an. second P^nTJZ^X^7!u^J:: T^^r'^ ^ si.ultaneo.^y coupHng on^ 
the touch sensing sunace to provide I impSaice t^u^ ^"ent falT^ r.""' f °' 
touch sensing surface is touched, the wn-l ouw ^ ^-"^ ^ 

determinir^ .the touch location alS S fiS a^d sSnd ScTff '^'^r' """^'^"9 means for 
second touch cu.ent signal and J■>n.;>e,^:cT^.T::ZX^. '"^ 

secon"LS^r r ^TSp^^irrr ^-""r r '"-^ =™ 

intouched. ""Pecan>,e touch current srgnals when the touch sensing surface, is 

17. A touch panel device accordina to claim itS in «, 
indudes processor means for computing L Z^lZt^t^Tf^Tj:'''^ ""^^ 
surface is untouched; 'ocatrons and lor deiemiming when the touch sensing 

effective capadtive load' to said on. of the f^r^and Ta '"d oZ ""^^ ''^ 

n-eans comprising means responsive to nullinTcSol stonals fTr L """Tk^ """'"^ 
capacitive load; and ^ ^ ^"^'^ ^^'"9 magnitude of the effective 

nunin:;^;^~cr.oXg t^^^^^^^^ '^'^^^ -'H-'s control signa. to .e 

the first and second panel scanning output' 0 L S Loma^^v''^^'''^"'"' ^'^P'^" '° '''' 
touch current signals when the touch'sen£ lurZX^ZS^^' ' '^"""^ 

:.pitierh^^l^%=:.-^^^^^^^^ -ns for offsetting the 

means to the one of the first and second plTsZ^^^ 'l^T '"/.^"P""^ offset capactor 
connected during generation of Irnpadanc^ touTh cuTn "ion^"^ """'"9 ^"'P"' « "ot 

impedance touch current signals ^° ^ *° ^" '"'fi^ offset to the 

touch sensing surface is untouched ■ """'"9 "uch current signals when the 

20. A touch panel device for determining the touch ICK-ation at whirs . .,^„„u 
device is touched comprising: °" ^ ^^""^ ^ '""^l^ sensing surface of the 

Srr*"' -^^ "'"^"''"^ altemaling^urrent voltage output; 

wi* first and secon'd secLa;rc^^'';utt?S^r^^^^^^ ^ ^^'d ' """'"^ 

a panel scanning signal as the primary windin^L^s s dTen SCe sZl T'"^ ^'""^ P^°"°'"9 

switching means for selectively coupling fte Tcond^ !?nH^ ^ ^^"^"^ ""^"^ 
as to selectively apply the panel ^S^Ln , to S, ' ^^^^^ "^^"^'"9 surface so 

signals at the center tap upon touching ?t"S S ino Z ^^^^ '^^'^^ '='"^^"* 

coupling one of the secondary winding outpute to a fiS siTo m^^^^^ ^""""^ ^^'^=«^^'y 
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to provide a first touch current signal at the center tap when the touch sensing surface is te„rh«H 

third side of the touch sensing surface and the other of the secondary vvinding outputs to a LrthTde of 
the touch sensm^ surface, the fourth side being located across the touch sensing surf^ in a Jfc^ °J 
arect.on_fron, the first side, so as t) establish a voltage gradient across the touch's ensinTic» Se 
second oirection from tne third to the fourth' sides and so as to provide a second touch currenS I Se 
^nter.tap .-hen the touch sensing surface is touched, fte switching means comprising met; fo' 

i^fl-T^TT^''^ ""^ "^ ^-^""'^^ ^'"=^"8 outputs to at leit two oTt^e fiS 

second th.rd and fourth s.des of the touch- sensing surf^e to provide ah impedance touch curreh signal ai 
the center tap wnen the touch sensing surface is touched: 

panel output signal processing means haying a first' input coupled to the center tap of the t^nsforofr 
means for receiving the first second and Impedance touch current signals, the pa^L o^Hrj 
processing means compnsing means for determining the touch location al ng the fi^ 2 sTnd 
directions irom the touch current signals; and s.>.ond 

*^ panel output signal processing means including, nulling circuit means for automatically nuinno the 
first, second and impedance touch current signals when the touch sensing surface is untouctJcT ^ 
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